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ABSTRACT
The primary purpose of this study was to develop a plan for 
the introduction of a new type of agricultural science in Korea known 
as grassland farming. The Korean farmers have devoted their energies 
in producing grain crops exclusively for human consumption.
A brief survey of the Korean agriculture was made to establish 
general characteristics of the present agriculture, from which the plan 
for the introduction of grassland farming was proposed. The knowledge of 
procedures, skills, and attitudes in initiating this program is to be 
conducted through a program of vocational agricultural education admi-- 
nistered at high school level. The study contains data on establish­
ment, management, and utilization practices of pastures.
The evidence found and presented in this study supports the 
following conditions:
1. There exists in South Korea sufficient agricultural potentials 
to yield enough food for the anticipated increased population. At the 
present time, the available resources are not being utilized efficiently 
and maximum production is not being obtained.
2. The introduction of grassland farming would be the greatest 
single contribution to the improvement of human diet by supplementing 
the grain diet with meat and milk.
3. Pasture provides the major raw materials for the production 
of meat, milk, and other livestock products.
In 19U8, South Korea had approximately 681;,000 beef and dairy 
cattle. This number will be increased approximately twice after the
xii
various types of pastures are established on approximately 200,000 
chungbos of reclaimed land and 1,100,000 chungbos of double-cropped land 
by providing sufficient concentrates for animals.
lu Rainfall in Korea is concentrated during summer and in the 
beginning of fall, floods are violent and crops are damaged during 
these flood periods. Damage of floods is increased by absence of plant 
growth. The following data were given by the Flood Control Section of 
Bureau of Public Works, Seoul, Korea: Average rainfall, 1200 to 1600 mm., 
maximum monthly precipitation is 1100 mm., maximum amount of rainfall in 
three days is 8£8 mm., maximum amount of rainfall in one day is k93 mm. 
They further presented the data that approximately 16,800,00 cubic meters 
of fertile top soil are washed off each year from the cultivated land.
Pasture effectively controls soil erosion and builds up soil 
fertility. This may be accomplished, to a great extent, by introduction 
of grasses and legumes capable of withstanding dry conditions, excessive 
rainfall, adaptable to wide range of soil, and adverse climatic conditions.
£. After various types of pastures are successfully established, 
approximately 66,000 chungbos of cultivated land will be protected from 
the soil erosion damage. This in turn will replace the production of 
?lj,000 tons of rice every year according to the Flood Control Section of 
Bureau of Public Works, Seoul, Korea.
6. The economic future of Korea is largely dependent upon the 
further development of its human and natural resources related to agri­
culture. The first phase of agricultural development In South Korea 
is the improvement and expansion of grassland farming to provide 
sufficient feed for livestock and soil erosion control. The establishment
xiii
and expansion of pasture land will in turn create not only better 
diets and control soil erosion, but will also increase size and number 
of industries related to farming. This industrial expansion will offer 
more opportunities for graduates of the vocational agricultural schools 
and attract more and better students to enroll in these schools.
CHAPTER I
INTRODUCTION
One of today's most popular topics of conversation not only 
in the United States, but in all countries, particularly in those 
lands where the people are crowded and the present methods of agri­
cultural production are not sufficient to support their populations, 
is that of population in relation to the food supply. The rate of 
increase in population is now vexy high in most of the countries.
In South Korea, the influx of Koreans entering South Korea from the 
North and from abroad, after World War II, countributed to a great 
expansion of the population resident in the cities. Thus the urban 
population increased 72.7 per cent, as against an increase of 26.5 
per cent in the agricultural population, in the seven and one-third 
year period between October, 19l|0 and January, 191+8.Even so, in 
absolute numbers these figures did not indicate any relief for South 
Korea's already overpopulated agriculture. In this seven and one-
third year period, the urban population increased from about 2,200,000
2
to 3,800,000, and the rural population from 12,000,000 to 15,200,000.
The outbreak of hostilities in June, 1950, led to a further deterioration 
in the already adverse balance between land and people. The largest 
figures of population was as high as 21,112,762 at the end of April, 1952.
^The Bank of Korea, "The Statistical View of Korean Industry.
1951+. pp. 1200.
p
cLoc. oit.
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If the present rate of natural increase persists, the population may be 
expected to reach 23,360,000 in South Korea only by the end of April, 
1958.
As a result of the growing population pressure, the musty old 
Malthusian principle has been gotten out and dusted off and now again 
occupies a prominent place in world thinking. This principle is that 
war, famine, and pestilence are the only real controls for population 
growth. In other words, population tends to increase up to the limit 
that is set by the food supply. This means in most countries, the 
basic problem of the nation is the food supply. However, the food 
supply for any nation largely depends upon the methods of agricultural 
production employed by the farmers under their given conditions.
To provide a better nutrition for the present population in 
Korea and to feed and clothe the anticipated increased number of 
people, the nation must seek new sources of agricultural production.
It is axiomatic that the nation has no new frontiers in terms of new 
lands awaiting settlement. But they do have a new frontier, as yet 
developed to only a limited extent, and that new frontier is the 
application of agricultural science to develop grassland-livestock 
agriculture in an effort to increase food production per acre.
The writer used to think and be concerned as to how to get 
better and more palatable meals when he sat at the table at each 
meal time through his family life in Korea, not only for his family 
but also for his nation. It is a most unusual experience for the 
people in this land to enjoy meat and milk in their diet instead of 
grain only. Very few people realize where meat and milk came from
and how they are produced. For many years the Korean people have devoted 
their energy in producing grain crops only for direct human consumption.
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However, improving the nation's diet from grain only to properly balanced 
meals with grain-milk-meat combination is one of the most important basic 
problems the nation has to solve.
Pasture provides the major raw materials for the production of 
meat, milk, and other livestock products. The pastoral industries were 
the first to engage the attention of civilized men, and today they hold 
an important place among the industries of all the great nations of the 
earth. The great grazing regions, including the steppes of Russia, the 
pumpas of Brazil, the plains of Argentina, and the vast pasture lands of 
Australia and New Zealand, together with the plains and mountain slopes 
of the United States, supply a large part of the beef, wool and other 
animal products that enter into the commerce of the nations. In the 
United States during the period 19li2-19l|6, hay and pasture provided 
two-thirds of the nutrients for dairy cows, three-fourths of the 
nutrients for the beef cattle, and more than nine-tenths of nutrients 
for sheep.^ Many experiments and farmer experiences in the United 
States indicate that even a higher proportion of the nutrients can and 
should be provided from higher quality forage. The development of a 
pasture program will also result in increased economy of production as 
well a3 saving of grains. Dairy cows in experiments have produced on 
forage alone 82 per cent as much as comparable cow feed the same kind 
of forage plus concentrations in a 1 : 3 ratio and in the same
%SDA, Pasture Hand Book, 19i»2.
hexperiment, cows fed a 1:6 ratio of the concentrates to milk produced 95 
per cent as much as the cows on the 1 : 3 ratio. The experimental cows 
on forage alone had an annual production of 81*10 pounds of 1* per cent 
milk over a five year period.^ These experiments throughout the United 
State3 suggest that enormous increases in feed production is attainable 
through pasture improvement. Many experiments in the United States also 
indicate that the improved pastures are capable of producing more total 
digestible nutrients per acre, on much of the crop land at less cost per 
unit of nutrients, with greater returns per man hour of labor than can
com and the other feed grains.
In the grassland agriculture, however, the economy of the graz­
ing pasture program largely depends upon the methods of establishment,
management, and utilization employed by the farmers and upon their
choice of the most suitable pasture plant species according to the un­
controllable natural factors.
The future of Korea is largely linked inseparably with the 
progress of this new frontier of pasture production in increasing food 
supply for the nation. This in turn will be determined in part by the 
program of agricultural research and education for its rapid and wide­
spread progress at the level of vocational agricultural education.
A. THE MEANING OF VOCATIONAL AGRICULTURAL EDUCATION 
In a primitive and static society there was no wealth of usable 
knowledge upon which to draw when man pondered better ways of doing 
things and means of easing burdens. Discoveries were rare and invention
5so slow that man could only inch his way toward a better and safer 
existence. But even in this groping "progress" the usual or customary 
occupations and work processes had to be taught somehow to the succeeding 
generations. Most of the skill and knowledge handed down from one gener­
ation to the next had been traditional among the races for centuries.-’
In a democracy where every individual must make his contribution 
toward society, education for work should be an integral and necessary 
part of a person*s total education. Through vocational agricultural 
education, the farm boy is given the training needed to support himself- 
and to obtain from his own efforts the privileges and enjoyments possible 
in a democratic rural society.
Education for work on the farm which until today has been 
ignored by the nation in the land of Korea, should be an integral part 
of the secondary education and training provided at public expense, if 
the nation is to continue to prosper. Increased attention to preparing 
farm youth for their life's work and for rendering service to rural 
society is needed in the high school curriculum. More and better 
programs of vocational agricultural education are an important step in 
the direction of a secondary school program which will prepare all youth 
for more satisfying and useful lives and thus provide for the future 
progress of the country.
The purpose of vocational agricultural education is to increase 
proficiency in farming on the part of those now engaged in farming 
and of prospective farmers. It develops effective ability to
-^ Prosser, Charles A. and Allen, Charles R., Vocational Education 
in a Democracy (New York: The Century Co., rev. ed., 191:9) pp. 5^ 0.
make a beginning and advance in fanning, produce farm commodities 
efficiently, market farm products advantageously, conserve soil and other 
natural resources, manage a farm business and maintain a favorable farm 
environment. In other words, vocational agricultural education develops 
skills, abilities, attitudes, understandings, working habits, and 
appreciations and in addition, helps farm individuals gain the knowledge 
and information needed by farm workers to enter and make progress in 
employment on a useful and productive basis. Therefore, the goal of 
vocational agricultural education is the competent farm worker - - - 
competent economically, socially, emotionally, and in a civic sense.
B. PROBLEM
1. Statement of the problem. The major problem of this study 
is concerned with the pasture establishment and management practices for 
students of vocational agriculture in Korea.
2. Purpose of the study. The primary purpose of this study 
was a plan to introduce a new type of agricultural science and practices 
known as a grassland agriculture into Korea in an effort to help youth 
enrolled in regular vocational agricultural schools, young people who 
have completed the vocational agricultural school and need additional 
education in teaching agriculture, and adults who wish to increase 
their skills and knowledge in starting grassland agriculture.
3. Importance of the study. South Korea is rugged and 
mountainous and nearly all land suitable for cropping is under 
cultivation. Expansion of the arable area is not limited to reclamation 
of deforested and unfertile hillsides and a comparatively small area of
tidal flats mostly along the west and south-west coasts may be expanded. 
There is seme possibility for controlled siltation of some bouldery 
areas in valleys in which training levees have confined the rivers to 
narrow courses.
The Ministry of Agriculture and Forestry of Republic of Korea
estimates that about 200,000 Chungbo^ of hillsides could be reclaimed
7
and put under crops.1 When these uplands are brought under cultivation 
and the tide lands have been reclaimed, the total arable area in South 
Korea is expected to be 2,500,000 Chungbo. Much progress to livestock 
could be attained, if any suitable perennial pasture crops can be 
established on these reclaimed lands and in rotation on portion of 
cultivated paddy lands. The right use of pasture and of roughage crops 
will also control soil erosion and will build soil fertility.
Pastures are the basis of any successful livestock program, 
since the most economical feed is that harvested by the animals them­
selves. It is well established fact that good pastures furnish cheaper 
feed than any other farm crops. That high quality pastures ably supple­
ment the ordinary rations of farm animals is increasingly evident.
This is especially true in the case of dairy cows, brood sows and 
poultry, all of which may suffer from a deficiency of vitamins A, D 
and possibly other factors unless good pastures or some substitute is 
available. Succulent pastures have a stimulating effect that can not
6Ibid., p. 8.
^MAF: Yearbook of Agriculture and Forestry Statistics. 19$2.
be satisfactorily measured by chemical means and yet is reflected in
O
increased productivity.
it. Delimiting the problem. The problem of this study is con­
cerned with pasture establishment and management for students of voc­
ational agriculture in Korea. The problem is limited to. a general study 
of principles of establishment and management.
5. Terminologies used
ROK - Republic of Korea (South Korea)
MAF - Ministry of Agriculture and Forestry of Republic of Korea 
Chungbo - 2.U£l acres
Do - Province (There are 13 provinces in Korea)
Pasture - An area of land covered with forage plants, usually 
grass and legumes, and used by grazing animals.
C. METHODS OF.INVESTIGATION
1. Source of data. Data for this study were obtained from
(1) official records in the office of MAF and the Bank of Korea and
(2) various agricultural experiment stations in the United States.
The writer was unable to obtain any available information on pasture 
and forage crops directly from Korean agricultural experiment stations. 
Therefore, the data used in this study depended largely upon the results 
of experiments done in the United States and some other lands such as 
Canada, England, and other countries.
2. Treatment of data. After the data were obtained, they 
were carefully summarized, visualized, and analyzed to determine
O
La. Agri. Sta., "Seasonal Composition and Yield of Pastures" 
La. Bulletin No. 299, p. 2, 1938.
whether or not such information could be adapted to the given climatical 
and topographical conditions in Korea.
D. CHARACTERISTICS OF KOREAN AGRICULTURE
In a broad sense, Korean farming is influenced primarily by 
local topography and can be classed into three main patterns.
The first is the mountainous country farming of the northeast 
and central range of mountains. In this limited, areas of the narrow 
valley bottoms, wherever possible are devoted to rice cultivation 
with some form of irrigation. But a greater proportion of the farming 
land is under dry land crops. In the part of this limited area the 
"big" farmers are established in the main valleys and the smaller 
farmers engage themselves as part-time seasonal labour with the bigger 
farmers and who also are available for part-time work in the forest 
lands of the mountain areas.
The second is the fanning in the wider valleys. There are 
large areas in Korea, more in the western part of the country away 
from the mountains. This area consists of fairly low rounded hills 
with flat bottom land between. A fair proportion of this area is under 
some form of irrigation and interspersed with dry fields rising in 
terraces up the minor drainage lines.
The third type is the farming in the basin. As farming in the 
rice bowl differs fundamentally from that in the other two types of 
farming, being confined to paddy land under controlled irrigation.
1. Crop production. South Korean agriculture is principally 
a grain producing enterprise. The important crops are rice, millets, 
barleys, wheat, com, sorghum, and legumes. Of the commercial crops,
10
cotton is the only one of considerable acreage. The other fiber crops, 
ramie, hemp, mulberry and silk are of limited consequence in the national 
economy. Vegetables are produced in apparently sufficient quantities but 
fruit trees are grown to a much less extent in the hilly country than 
would be expected. Perennial and self seeded grasses such as blue stem, 
brome, buffalo, canarygrass, orchard, rescue, ryegrass, timothy, wheat 
grass, kudzu, lespedeza, and true clovers are the naturally growing 
pasture plant species.
The dominant position of grains, especially rice, arises from 
the food habits of the people. Koreans prefer rice to any other cereal 
or other food and try to produce this crop wherever possible. However, 
due to the limitation of facilities for growing rice, it is necessary to 
produce other grains, that are commonly known as "summer grains", planted 
in autumn and harvested in early summer, to supplement the rice harvest. 
Beans are produced in considerable quantities all over the country. This 
is very fortunate because, aside from rice and other grains, they are 
the most important source of protein in the Korean diet.
2. Livestock production. Livestock and crop production in 
South Korea are closely interdependent. Because the livestock gives 
the greatest return in terms of draught power, meat, and manure. The 
manurial value of livestock requires no emphasis. Its the most important 
objective is to maintain and if possible raise the standard of soil 
fertility. In this regard, some experimentation is needed in the use of 
green manure crops in the crop rotation. Any farming system that will 
raise the nutritive value of pasture will ipso facto reduce the need of 
feed grain to stock.
11
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The prewar livestock figures were as follows:
TABLE I
LIVESTOCK PRODUCTION IN KOREA
FIVE TEARS AVERAGE 1938-1*2
Korean cattle(Beef cattle)
Dairy cattle
Horses
Hogs
Sheep
Goats
Rabbits
Poultry
Ducks
3,053,973
3,766
91*8,927
1,932
35,766
597,302
10,1*15
1*7,510
121,81*3
About 60,000 head of beef cattle were exported annually in the same period.
3« Manures and commercial fertilizers. In considering the 
problems of manure in Korea, several points of view merit attention.
Every crop removes a certain amount of plant food from the soil which 
must be replaced by proper crop rotation. It is recognized that with 
few exceptions all soils will continue to produce a crop of some kind 
year after year without the addition of any plant nutrient in the form 
of organic or chemical fertilizers, with fertility getting stabilized 
finally at a low level. The better soils can be made richer by use of 
manure rendering the nonavailable nutrients of the soil more available 
to plants. The practice of shifting cultivation elsewhere and of Mfire 
fields” in Korea are associated with conditions where after some time 
the fertility of the land gets too low to make it worth cultivating.
^MAF, ojB* £•!£•> P* 7
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A stage further advanced in this subsistence farming is the use of 
organic manures such as green manures, farm-yard manure, composts, and 
such by-products as oilseed cake and fish meal and until the middle of 
the last century farmers the country over were limited in their crop 
yields to this kind of farming. The advent of artificial or chemical 
fertilizers provided the means for dramatic increases in crop yields 
which in a country such as Korea with its expanding population and 
limited arable land is a matter of greatest concern. It is obviously 
of national interests that farmers should produce the greatest possible 
amount of food from the limited farmland of Korea. The achievement of 
such an objective 1s not a simple matter of the use of the maximum 
dressings of chemical fertilizer which experiments have demonstrated, 
but depends upon the reconciling of a variety of technical, social, and 
economic considerations.
Chemical fertilizers cost money both to the farmer and to the 
country, and even though the farmer*s economic position might be such 
that he has the necessary money to buy the fertilizer needed for 
maximum production, the national economy may not be capable of financing 
this overseas payment needed to provide for large tonnages of chemical 
fertilizers, as would be necessary in Korea. Conversely, by a variety 
of causes such as depressed prices for farm produce or high taxation or 
a combination of both, the farmer may not have the necessary financial 
resources with which to purchase the supplies of fertilizer which are 
within the capacity of the country to import.
From another point of view, Korea*3 agriculture is largely 
concerned with the growing of cereals - rice, wheat, barley, millet
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sorghum - and one inevitable consequence is the production of large 
amounts of cereal straws. Evidence from all over the world, including 
Korea, has demonstrated that one of the best aids to high crop yields 
and to the maintenance of farmlands in "good heart" is the return of such 
bulky crop by-products to the soil as well-rotted vegetable matter. In 
Korea, therefore, every effort should be made to return these by-products 
to the soil, preferably through their use by livestock either as feed or 
bedding.
Finally and possibly of major importance, the precarious 
position which has faced Korea since the partition of the country at 
the 38th parallel, with the consequent cutting off of supplies of 
synthetic nitrogenous fertilizers from the producing units in North 
Korea is obviously one which calls for the earliest rectification. 
Chemical fertilizers, particularly ammonium sulphate, have assumed more 
and more importance in Korea during the past two or three decades, and 
in order to insure maximum food production the farmers must be assured 
of a large supply.
U. Topography. The total area of South Korea is about 88,000 
square kilometers. It is a country with rugged relief, the pattern of 
mountains and hills often being compared to a sea frozen during a 
tempest. Thousand of small narrow valleys are squeezed between the 
steep slopes of the mountains. Only a few large valleys exist, and 
these are in the low reaches of the large rivers mainly near the west 
coast. The east coast is so close to the mountain ridges that no room 
is left for large valleys. The highest mountains in South Korea do not 
exceed 20,000 meters. The geological structure of Korea is the result
of an uplift resulting from the protrusion of primitive igneous rocks 
through sedimentary layers by which they were covered.
Granite and gneiss are the most common rocks but in some places 
schists can be found and in the south basalt is seen very frequently.
PVom the point of view of civil engineering, sound rock for dam foundations 
generally is found not very far from the ground surface and sound con­
struction materials can be supplied by quarries near the construction 
sites on most of the projects. However, in some places the sound rocks 
must be discarded. This is true primarily in the granite area of the 
west coast. Schistic rocks generally are a poor foundation material and 
should be avoided for concrete structures.
In general the main soil types in Korea are (1) the sandy, 
podzolic, ridge soils which have a low water holding capacity and low 
fertility, (2) the alluvial soils which are to be found along the 
numerous creek banks, and (3) the rich black soils on which the extensive 
agriculture has developed.
Mizu^ showed that, on the average, cultivated soils in Korea 
contained about 38 per cent as much nitrogen, 82 per cent as much 
available phosphoric acid, and 75 per cent as much available potash 
as average cultivated soils in Japan. In other words, according 
to him the soils of Korea are sterile and liberal quantities of 
manure must be used to improve crop yields. The soils in Korea have 
about as much organic matter as Japanese soils and he attributes the 
higher yields in Japan primarily to the difference in the organic matter
^Mizu, Hideo. The Soils and Fertilizer in Korea. 19^2 
Yoken-Do, Tokyo, Japan, pp. 759
content of the soils. He also showed that cultivated soils in Korea are 
slight to medium in acidity except in isolated cases like the Kimhae
plains located at the mouth of the Naktong River in Kyongsang Namdo. In
this area the strong acidity is attributed to the formation of sulphuric 
acid from sulphuretted hydrogen resulting from the anaerobic decomposition 
of reed roots. While the acidity in itself does not seem to be excessive 
as a general rule, many cases of calcium deficient areas are known, located 
mostly on slopes devoted to crops other than rice.
5. Climatology. Inspite of its protruding shape and long
stretch of coast, South Korea has a climate strongly influenced by the 
Asiatic continent. The mean temperature is only 10°C near the 38th 
parallel and does not exceed H;0C in the south. But in summer the mean 
maximum temperature is about 37°C in almost all Korea except on the south 
coast, where it drops to 35°C and even 39°C in a small area. In winter 
the mean minimum temperature is -15°C in the south and drops to -30°C 
near the 38th parallel. The wind lias strong effect on the climate. In 
winter the north wind blowing from the frozen plains of Siberia causes 
severe cold periods and in summer the wind blowing, from the Pacific 
brings warm and humid weather.
From the point of view of irrigation, rainfall is the most 
important climatic factor. The mean yearly precipitation in Korea is 
about 1,100 millimeters with a drier area in the upper reaches of the 
Naktong watershed where the mean precipitation does not exceed 900 
millimeters and wetter areas along the south coast and the Wonsan where 
it rises to 1,300 millimeters. Table H  shows in millimeters the mean 
monthly precipitation for South Korea during l?lil-52. The number of
TABLE IE
PRECIPITATION AND TEMPERATURE IN KOREA11
Stations Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. Total
Cheju 55.1* 68.1 86.2 78.1* 91*.6 127.1 238.5 185.1 211.7 75.7 76.0 70.1* 1366.9
Yosu 16.2 23.3 89.8 90.1* 136.9 151*. 8 239.7 112.2 159.8 1*8.7 1*2.1* 35.1* 111*5.6
Pusan 30.7 3U.5 103.6 89.0 126.1* 201.2 220.7 166.1* 196.8 66.6 1*9.9 32.5 1318.2
Mokp*o 35.2 33.3 73.9 67.7 93.6 127.0 165.5 11*6.1 11*6.6 1*9.0 1*1.3 1*5.3 101*2.2
Kwangju 32.5 28.9 7l*.5 61.6 90.0 163.1* 211.9 182.3 17l*.9 52.1 1*2.6 37.6 1152.3
Ulsan 28.6 36.6 73.1 72.2 109.6 11*9.0 191.2 11*7.5 187.1 1*6.7 1*5.6 30.1* 1H7.5
Pohang 30.7 2i*.3 57.5 56.6 7l*.5 158.1 11*1.0 108.8 195.2 61*.5 53.1* 31.6 996.3
Taegu 15.8 20.6 5U.0 1*9.7 61*.5 159.0 195.5 112.9 181.2 l*l*-5 26.9 19.2 91*3.7
Chonju 2l*.5 2l*.6 73.6 52.9 88.7 203.2 275.9 163.7 185.8 1*7.6 39.9 31.7 1211.9
Chupungnyong 32.2 23.1 58.2 55.9 69.3 20U.5 21*9.1* 167.2 19l*.6 27.1 33.1* 28.5 111*3.1*
Ullung 11*7.6 90.1 78.3 59.2 59.9 ll*l*.9 119.3 93.9 205.8 56.2 115.8 156.6 1367.5
Inch* on 20.5 8.6 60.1* 1*7.6 65.3 178.1 21*8.2 167.1* 131.2 1*3.5 29.8 22.9 1022.1*
Seoul 23.U 10.9 63.5 52.1 76.0 212.3 273.3 226.6 11*0.1 50.3 28.5 21*.5 1181.1*
Kangnung 3U.1 37.2 58.5 1*9.1 56.7 169.7 166.3 176.9 178.5 70.8 88.3 39.3 1121*. 6
Means 27.0 25.5 70.0 62.0 79.6 206.7 211*.9 156.5 17l*.9 50.9 1*6.8 31.6 1116.6
Ay. rainfall 1.07** .83 1.62 3.16 3.13 5.35 12.61 10.31* 1*.36 1.1*7 1.86 .80 1*6.6
Ay. temperature 23.8*** 35.7 1*9.1 51.1* 68.5 71.6 79.2 85.9 79.5 56.1 1*8.1* 35.1
(191*1-1952)
**Inch (17 years) at Seoule Station 
***F (18 years)
^^HAF. Yearbook of Agriculture and Forestry Statistics. 1953*
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stations recorded is fourteen. Of these two are on the islands of Cheju 
and Ullung which are far from continental Korea and cannot be taken as 
representative of the Korean climate. The maximum precipitation occurs 
during the months of June to September and varies from 150 to 200 
millimeters.
6. Land utilization. Rice and other grains are the most important
crops in South Korea and at the present time 73 to 75 per cent of the
planted area is devoted to their production every year. Legumes occupy
« ■ * *
about nine per cent of the planted area and vegetables and fruits lj.5 
per cent. The land planted to commercial crops represents seven per cent 
of the planted area and potatoes three to four per cent.
Records between 1930 and 19ljli show that the arable area in South 
Korea was about 2,300,000 chungbo of which 1,100,000 shungbo was double 
cropped giving a total planted area of 3>UOO,000 chungbo. Official 
statistics show that after 19Ul the planted area dropped to 2,900,000 
chungbo in 19k5 and reached a low figure of 2,500,000 in 1952. The double- 
cropped area contracted from an average of 1,100,000 chungbo before 19lUi 
to about 800,000 chungbo after 19Uli.^ These figures indicate that either 
the arable land in South Korea is no longer utilized as extensively as was 
prior to 19Wi* or official statistics are under estimated or both.
The present utilization of the arable area is no conducive to 
maximum production. The rice area is overextended and could be reduced.
If rice growing can be stopped in part of the non-irrigated area and some 
other crop, such as sweet potato, white potato, and millet grown instead, 
there is no doubt that more food can be produced.
CHAPTER II
REVIEW OF LITERATURE
flforers-^  points out that forage crops are still the orphan 
children on the majority of farms in the United States. In the earlier 
days, of course, forage crops were relegated to the poorest areas of 
the farm. The pasture land was considered to be that land that was not 
useful for the growing of other crops. The farmer used the very best 
land he had for the production of com and wheat and other cultivated 
crops and used whatever land remained for the production of grasses and 
legumes. ,The Wisconsin College of Agriculture Grassland Committee-^ 
believes that the grassland agriculture is a long-time program directed 
towards increased production from improved grasslands and more efficient 
use of high quality forage, rich in protein, minerals, and pro tectlve 
vitamins. Stapledon^, after many years of research and observation on 
grasslands, concluded that grass properly used insures soil fertility, 
grass marries the soil to the animal and the solid foundation of agri­
culture is the marriage of animal and soil. Grass properly employed 
counters the devastating influence of erosion. The outstanding feature 
of grassland is its complexity of soil, climate, and grazing animal.
13Myers, W. M., "Forage Crops in Agriculture." Unpublished 
paper given at several mid-west seed conferences. June, 195>0.
^Wisconsin College of Agriculture Grassland Committee. "Turn 
to Grassland Farming." Wis. Agr. Exp. Sta. Stencil Bui. U, Feb., 191*8.
^Stapledon, R. G., "Presidential Address." Fourth Grassland 
Congress Proceedings, 1937.
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Without the grazing animal there would be no grassland worthy of the 
name anywhere in the world. Management is therefore the key to the 
solution of the whole grassland problem. Cardon^ stated that America 
today is definitely grass-minded, but America still lacks the profound 
grass-consciousness which prompts Europeans to take advantage of favor­
able physical conditions, to grow more and better grass, and to utilize 
it to better advantage. Grass-consciousness differs from grass-mindness. 
The one may be and probably is an outgrowth of the other, but grass- 
consciousness is the more profound. Grass-mindness inspires grass 
culture for specific purposes, as, for example, a corrective soil,erosion. 
Grass-consciousness, on the other hand, regards such specific uses of 
grass as incidental to its primary uses. It is grass itself that is 
important. Grass is a farm crop which is worthy of as good land and as 
intelligent culture as any other crop. Grass is a crop around which to 
build profitable farm enterprises} it conserves the land, it benefits 
other crops grown in rotation, it is the basis of a type of farming in 
which the control of erosion, the protection of water sheds, and the 
improvement of pastures and ranges follow as matters of course. Thus, 
grass-consciousness recognizes and utilizes the intrinsic and greater 
value of grass without discounting its potential values. If the culture 
of other crop3 fits into this grassland background, grassland agriculture 
emerges. Grassland agriculture represents a definite advance towards 
stabilized agriculture. It is not a reversion to pastoral practices. It 
cuts across all phases of agriculture production and therefore commands a
Pardon, P« V., "Toward a Grassland Agriculture." Jour. Amer. 
Soc. Agron. 31:228-31, 1939.
high degree of managerial ability. It calls for all of the skill usually 
required in crop production plus the application of that and other 
skills in the production of crops in the rotation with grass. The suc­
cessful establishment and maintenance of good grass cover requires 
skillful application of the best agronomic information available, and 
there is still much to be learned about the breaking and preparation of 
sodland for succeeding crops in rotation of which grass is a part. More­
over, the utilization of grass, if it is to be made profitable, requires 
knowledge of a high order pertaining to animal production. A successful 
grassland farmer, in other words, must be a very good all-around farmer. 
Enlow^ -7 stated that on the non-forested acres, adapted grass-legume 
combinations furnish the greatest protection to soils on erodable, 
sloping soil surfaces. This has been demonstrated consistently through­
out the United States by studies on the Soil Conservation Research 
Stations. Grass cover was found to be from 200 to 2,000 times more 
effective in preventing soil loss when compared to clean cultivated row 
crops.
Ahlgren-^ points out that nature did not provide the soil with 
an inexhaustible supply of plant nutrients which could be drawn upon 
indefinitely by plants. Phosphorus, nitrogen, calcium, and potassium 
have been sold from the farm in the form of livestock, manure and cash
17Enlow, C. R., et al. "Grass and Other Thick Growing Vegetation 
in Erosion Control." USDA Yearbook, 1938, pp. 615-30.
^Ahlgren, H. L., "Our Pasture Needs to be Fed." Wis. Agr. Ext. 
Stencil Cir. 201, 1938.
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crops. Robinson and Garber^ have emphasized the important relationship 
between forage fertilization and the entire farm program. On farms 
that lack enough roughage to grow livestock, the use of lime and ferti­
lizer permits reduction in the amount of concentrates required. The
increased production of hay and pasture, made possible by the use of
lime and fertilizer, enables the farmer either to increase his herd 
numbers or use part of his land to produce cash crops. Prince and others2^  
obtained results during both a wet and a dry year from the same fertilizer 
treatments on permanent pastures. They found that complete fertilizer 
gave a greater increase in production in a wet year then in a year when 
moisture was a limiting factor for the pasture species. Mott‘S  found that 
moisture was a limiting factor at some time during the growing season for 
bluegrass-white clover sod in Indiana. He also compared five grass 
pastures with five clover-grass pastures in their response to lime, 
phosphate, potash, and nitrogen. The check plot was untreated, super­
phosphate was applied at the rate of 600 pounds of 16 per cent, potash was
used at the rate of 200 pounds of 50 per cent muriate of potash and one
ton of lime was top-dressed. Nitrogen was applied annually as 312 pounds 
of nitrate of soda. Permanent pastures lacking in legumes, lime,
-^Robinson, R. R., and Garber, R. J., "Fertilizer Experiments on 
Grassland in the Northeastern Region." Pa. Agr. Exp. Sta. Bui. 5l8, 191*9.
20prince, F. S., et al, "Pasture Top Dressing in New Hampshire." 
N. H. Agr. Exp. Sta. Bui. 320, 191*0.
2-*Mott, G. 0., "Effectiveness of Fertilization and Management in 
Increasing Yields of Pastures in Indiana." Soil Sci. of Am. Proc. 8: 
276-81, 191*1*.
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phosphate, and potash produced only a minimum increase the first year 
after application of these treatments. For white clover the application 
of lime, phosphate, or potash, or combination of these materials, will 
encourage the clover and give a satisfactory increase in production. In 
the New Hampshire experiments, only nitrogen gave significant increases 
on grass pastures. Clover pasture production, on the other hand, was 
significantly increased by application of lime, phosphate, potash, and 
nitrogen. Soils deficient in phosphates, potash, nitrogen, or lime will 
respond to these nutrients if the legume population is high enough. The 
importance of legumes in a forage mixture is further emphasized by 
Robinson and Pierre*22 They studied the contribution made by white 
clover to the increases in yield of forage from fertilizer and lime 
treatments. In two experiments, the lime, phosphate, and potash treat­
ment increased the yield 2$ per cent when clover was absent and 85 per 
cent when clover was abundant. Adding nitrogen to the lime, phosphorus, 
potash treatment increased the yield U6 per cent when clover was absent, 
but only four per cent when clover was abundant. Graber^3 studied the 
food reserves in bluegrass in relation to fertilization. He concluded 
that plants may be deficient in organic foods even though the soil may 
be abundantly supplied with plant nutrients. The deficiency retards 
plant growth. He states that the productivity of bluegrass with relation
22Robinson, R. R., and Pierre, W. H., "Response of Permanent 
Pastures to Lime and Fertilizers." W. Va. Agr. Exp. Sta. Bui. 289, 1938.
23Graber, L. F,, "Food Reserves in Relation to Other Factors 
Limiting the Growth of Grasses." PI. Phys. 6: U3-72, 1931.
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to nitrogenous fertilization is dependent, not only upon adequate 
supplies of moisture, phosphorus, potash, and other limiting elements 
within the soil, but also upon the reserve foods within the plant which 
are also limiting factors of growth. Truog2h states that soil reaction 
has two direct influences on plants, namely: (l) a toxic or destructive 
effect on plant tissues through an excess of either hydrogen or hydroxyl 
ions and, (2) an unfavorable balance between the acidic and basic con­
stituents available for absorption by plants. Some of the indirect 
effects of lime on acid soils are to: (1) improve the physical condition
of the soil, (2) increase the availability of essential plant nutrients, 
and (3) improve the soil environment for growth of soil microorganisms.
He further emphasizes that the availability of all the essential plant 
nutrients to plants is affected in one way or another by the reaction of 
the soil. In general, as soils become more acid the calcium, magnesium, 
and phosphates become less available. As soils become more alkaline 
above a pH of 1, iron, manganese, copper, zinc, and possibly boron become 
less available. Robinson and Pierre^ state that alfalfa and sweetclover 
are highly sensitive to acid soils while alsike clover, lespedeza, and 
vetch are tolerant of moderately acid soils. Crimson, Ladino, white and 
red clovers are intermediate in their tolerance of soil acidity. Dodd^
2Uiruog, Emil. "Soil Acidity and Liming." USDA Yearbook, 1938, 
pp. 563-80.
Z^Roblnson, R. R., and Garber, R. J., oj>. cit., p. 22.
26podd, D. R., "The Place of Nitrogen Fertilizers in a Pasture 
Fertilizer Program." Jour. Amer. Soc. Agron. 27: 853-62, 1935.
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working with Kentucky bluegrass pastures in Ohio, found that nitrogen
fertilizers applied early in the spring increased the production not only
in the early spring, but also throughout the season. He recoranends that
on permanent pastures well fertilized with lime, phosphorus, and potash,
about 60 pounds of nitrogen per acre should be applied. This pasture
carried three cows per acre.
In controlled experiments at Beltsville, Maryland, 1929-3U* no
significant differences were observed in gains made by steers on pasture
grazed heavily, continuously, or alternately over a six-year period,^If
animals are to make satisfactoxy gains when heavy grazing is practiced,
some provision must be made for supplemental feed or pasture during late
summer. The heavy grazing also reduced the productivity of permanent
pastures. Such pastures should be protected from grazing to allow the
grasses and legumes to build up root reserves and prevent weed encroach- 
20ment. Pasturage in immature stage is high in digestible protein and will
29 30easily meet the requirements of high milk production, Robertson found 
that removal of tops invariably retarded root penetration but seldom stopped
27Hein, M, A., and Cook, A, C., “Effect of Method and Rate of 
Grazing on Beef Production and Plant Population of Pastures at Beltsville, 
Md." USDA Tech. Bui. £38, 1937,
^Cheney, H, B,, et al. "Pasture Improvement and Management,"
Iowa Agr, Exp. Sta, Bui, P8 (New series), 19ii0,
2?Hodgson, R. E., et al. "Measuring the Yields of Nutrients in 
Experimental Pastures," Wash, Agr. Exp. Sta. Bui, J4II, 19l|2,
^ORobertson, H. J., "Effect of Frequent Clippings on the Develop­
ment of Certain Grass Seedlings," Pit. Phys. 8: U2J>-ii7, July, 1933#
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it completely in bluegrass, blue gramma grass, June grass, needle grass, 
Hungarian brome grass, and Sudan grass. Nodal roots were the underground 
parts affected most. In most cases these roots were nearly absent after 
the fourth clipping, either having failed to develop or having died back 
from the tips. The nodal rootB of the clipped grasses were of smaller 
diameter and had relatively larger steles than those of the unclipped 
plants. The greatest reduction in yield, that of Brotnus, accompanied the 
greatest retardation in root development. Clipping reduced the growth of 
roots, based on dry weight about twice as much as that of tops. The roots 
of clipped plants ranged in weight from one-third to one-fifteenth as much 
as those controlled.
CHAPTER III 
ESTABLISHMENT
In planning for pastures, a number of things should be taken 
into considerations concerning climate, locations, soil conditions, 
initial expense, types of pasture, kinds of pasture plant species, 
animals, and more or less local conditions because the techniques of 
establishing pastures and meadows, though similar in many respects, 
vary in certain important ways in different local conditions. The 
principal objective in planning for pastures, of course, is to 
provide feed most efficiently for livestock. However, there are other 
objectives to be derived from the pastures, some of which are very 
important under present situations of agricultural production in Korea.
The right use of pasture and roughage crops will aim at the control of 
soil erosion and building of soil fertility that has been neglected by 
the farmers for many centuries. The deprivation of soil fertility has 
caused the low acreage production and soil erosion.
A. SELECTION OF AREA AND TXPES OF 
PASTURE TO BE ADAPTED
Selection of area and types of pasture may be determined in 
each specific area depending upon the needs and the local conditions.
1. Tame pastures. Once cultivated lands, now occupied largely 
by domesticated pasture plants may be utilized for this purpose as follows
a. Permanent pasture. Reclaimed and non-paddy lands in Jeju 
Island and central Kangwondo that can be maintained indefinitely for
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grazing are suitable for this type. A permanent pasture may be composed 
of the perennial or annual plants that propagate themselves by self-seed­
ing, or frequently both. It may be either an area that has been 
established by seeding or the result of the occupation of uncultivated 
fields by pasture plants that are sufficiently aggressive so that they 
spread without the aid of man. Once a permanent pasture has become es­
tablished it is seldom plowed for use in crop rotation.
b. Rotation pastures. Approximately 1,150,000 Chungbos of 
fully or partially irrigated rice fields are suitable for growing 
pasture at more or less regular intervals in the cropping pattern with 
rice. Approximately 1,200,000 Chungbos of paddy land need controlled 
drainage for rotation program with pasture crops. Rotation pasture may 
be composed of perennial and (or) self-seeding annuals and is plowed 
within a five year or shorter intervals. Mainly the pasture plants on 
rotation pasture are mixtures, but sometimes alfalfa, red, aIsike, 
ladino, sweet clover, lespedezas, timothy, orchardgrass, bromegrass, 
and fescue are grown in pure seedings. A limited acreage of crops 
such as rye and vetch, millet and Sudangrass, are sometimes grown to 
provide pasture in rotations but they are generally grown as special 
or temporaiy pastures. Rotation pastures are expensive and relatively 
temporary. There are four main reasons that justify this type of 
pastures. (1) It is necessary to periodically have cropland occupied 
by a sod crop in order to rebuild soil structure, prevent excessive 
leaching and erosion, and thus make possible satisfactory yeilds of 
other crops in the rotation, (2) Rotation pastures usually are deeper 
rooted and much better midsummer producers than permanent pastures.
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Thus they provide a means of meeting a critical midsummer pasture 
shortage, (3) Rotation pastures generally outyield permanent pastures 
from one to three years that they are retained. This superiority of 
rotation pastures is rather great on most farms, mainly because rotation 
pastures usually occupy the better land, receive superior treatment, and 
have a greater amount of legumes. It is recognized that plowing or other 
working of the soil stimulates chemical and bacterial action, thus 
rendering more plant nutrients available and stimulating plant growth 
for a few years,^ and (1*) The inclusion of rotation pastures in the
cropping pattern makes possible the adding of livestock enterprises.
32This usually increases the net farm income.
c. Supplementary or Temporary Pastures. Suitable fields near 
the permanent and rotation pastures may be utilized for this type of 
grazing when the permanent or rotation pastures are unproductive and 
do not supply enough feed for the livestock kept on the farm. Supple­
mental pasture may be provided as the aftermath of the meadows, small 
grain stubble, seeding small grains, annuals like Sudan grass, lespedeza, 
and crimson clover, or biennials like sweetclover. Winter rye in early 
spring is high in protein, succulent, and palatable, and has a high 
carrying capacity. Wheat also provides good early pasture. Oats are 
often used as early pasture and have high carrying capacity.
■^Thorp, James. “How Soil Develops Under Grass,” USDA 
Yearbook, 191*8, pp. 55-56.
^Johnson, Neil W., et al. "Will More Forage Pay?" USDA 
Misc. Pub. 702, 19h9.
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d. Annual Pastures. The term annual pastures is usually- 
applied to pasture that are seeded each year to take the place wholly 
or in part of permanent pasture, such pastures may include a series of 
crops like winter rye, Sudangrass, soybeans, and rape which combined 
will furnish pasturage nearly all of the year, Sudangrass will provide 
good late summer pasture even on poor productive sandy loams along the 
West Coast. Sudan is also often seeded on land that was in com the 
previous year. After being grazed during late July and August, winter 
wheat or barley may follow it.
2. Natural or Native Pastures. Uncultivated lands occupied 
wholly or mainly by native plants as introduced plants that are spread 
by nature may be utilized as natural or native'pastures for grazing.
They may include the following types.
a. Range Pastures. Range is a very extensive natural pasture.
The delta region of Nactong River and a portion of Cheju Island where 
many noxious plants, mesquite and other brush are dominant may be utilized 
for range pastures. Adequate mechanical treatment, water development, 
and reseeding as well as better grazing management practices are required 
in these areas to develop range land.
In general, the life processes of range weeds and shrubs 
resemble those of grasses, but there are seme noteworthy differences.
The root systems of range weeds and shrubs usually penetrate more 
deeply and widely and often store more food than grasses. However, 
the perennial weeds and shrubs do not produce leaf and stem regrowth 
as readily as the grasses.
Vigorous range plants need nitrogen, phosphorus, and potassium.
A dozen or more other plant nutrients are needed in small quantities. 
When ranges are in good condition, these essential elements are usually 
available in adequate quantities. Important amounts are returned to 
the soil hy decaying herbage left after grazing.^
b. Woodland Pastures. Woodland pastures are wooded areas with 
grasses and other grazing plants growing in open spaces and among the 
trees. They vary from an open forest of orchardlike oak and other hard­
wood trees with an undergrowth of herbacious plants and shrubs. The 
growth of brush sprouts are so extensive that any gain in production is 
temporary. If annuals such as slender oatgrass and bur clover could be 
introduced to this type of pasture, they would provide an average graz­
ing capacity of two to three acres per animal-unit-month on the grazable
M  I
portions. These plants are palatable and nutritious throughout the 
grazing period, which begins slowly in the fell and ends in spring 
with the production of an abundance of forage. During the long summer
the herbage remains dry and of low value, but it can be grazed
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satisfactorily if supplemented with concentrates. Approximately 
660,000 Chungbos of upland area in central South Korea are under way 
to be reclaimed as woodland pastures for grazing livestock and soil 
erosion control.
c. Cut Over or Stump Pastures, Land from which trees have
■^^ McGinnies, W. G., and Retzer, John L., “How Range Forage 
Grows". USDA Yearbook, 19u8, pp. 20i|-210,
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been removed but on which there are stumps and new growth may be utilized 
as cutover or stump pastures.
B. SELECTION AND INTRODUCTION OF 
PASTURE PLANT SPECIES
In establishing pastures, careful consideration should be given 
to suitable pasture plant species according to pasture types, climate, 
soil, and other specific local conditions. In most cases, the selection 
of pasture plant species that are already existing in nature in a given 
location and the introduction of grasses and legumes from different 
regions or abroad have two main objectives. They are (1) to provide feed 
most efficiently for livestock and (2) to control soil erosion. The 
introduction of grasses and legumes capable of withstanding dry con­
ditions, adaptable to wide range of soil, and adverse climatic conditions 
is an Important objective of the work.
1. Methods of Preliminary Selection and Evaluation of Species, 
The selection and trials will include species that have previously 
existed in nature and those species to be introduced into Korea from 
abroad. Informations regarding the phylogenetic, phsiological, 
taxonomic, and other studies for each concerned species are needed in 
the selection and trials.
a. The habitat for pastures in Korea. The most important 
character of the habitat for pasture plants in Korea is the summer 
rainfall. A greater portion of the total rainfall is concentrated in
■sA
the few wet months in the period from June to September. This
^Ibid., p. 16.
sufficient summer rainfall is of prime importance to crop production, 
which is based on annual plants. Normal conditions favor fast-growing 
species with a high water requirements and species of this type are 
subject to serious damage from short duration droughts, which are of 
frequent occurrence even during the period of wet months. Perennial 
species are less affected by these droughts because the plants will 
live through the normally arid spring and not suffer irreparable damage, 
though their growth may be temporarily checked. On the other hand, 
the growth rate of perennial species which are suited to summer rain­
fall conditions is generally subject to marked control by low tempera­
tures, which may be a limiting factor during six months of the year. 
Thus even perennial species are characterized by a pronounced seasonal 
growth.
Apart from climatic conditions, according to the writer's 
observation, the main factor limiting production of pastures in many 
locations in Korea is probably a pronounced deficiency of available 
nitrogen under perennial sward;.
b. Criteria for selection and evaluation of pasture grasses. 
Potential pasture grasses to be selected and introduced may be 
classified as summer perennials, winter perennials, summer annuals, 
and winter annuals. The most promising line in pasture improvement 
appears to be that based on perennial grasses which make their most 
vigorous growth in summer. In order to maintain an even carrying 
capacity on pastures of this type, management is aimed at the 
provision of nutritious "above ground capital" during the summer 
months, and utilization in winter and early spring.
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Desirable characters in introduction are, therefore, (1) that 
they should have capacity for continued production during the spring 
drought, (2) that they should not rapidly go to seed, or become un­
palatable, during the growing season, and (3) that they should retain 
their palatability and nutritional value as standing fodder during the 
winter months, when their growth rate is reduced to a minimum.
Annual species may have a place in pasture improvement, particu­
larly winter annuals which could be used as supplementary pasturage 
during the difficult period from July to October, or be incorporated in 
pasture mixtures. Summer growing annuals, such as sorghum, maize, and 
Sudangrass, for use as ensilage, provide a separate problem in economics 
of crop production for stock raising. However, it is likely that these 
crops will always be essential, both as a form of drought insurance and 
as a source of supplementary feed during critical periods.
The evaluation of pasture species introduces a number of 
problems which are ancillary to the major activity, but which may 
necessitate some modification of criteria. Establishment of exotic 
species which are economically desirable can seldom be effected without 
some modification of environmental conditions which normally favor 
dominance in native communities. The presence of domestic animals often 
provides sufficient modification, but top-dressing, or a particular 
form of management may be required. Thus it is necessary that species 
should be compared and evaluated under all important methods of 
cultivation and systems of management likely to be economic in a given 
location. The most Important ancillary problems in Korea will be, (1) 
maintenance of production during the dry spring months, and (2)
maintenance of soil fertility and moisture reserves under pasture con­
ditions. Another factor in evaluation of pasture grasses is the practi­
cability of harvesting adequate seed supplies.
c. Yield potential. As a first step in the evaluation of 
introductions, after preliminary observation of their general habit and 
suitability to local climatic conditions, all grasses be established in 
l/lOO acre plots which have been subdivided to allow measurement of 
yields under hay conditions and observation of the development of each 
species under controlled grazing. These trials are designed for pre­
liminary observation and not for statistical treatment.
d. Palatability. Palatability trials may be tested by utiliz­
ing mature plants of those selected species. The trials are conducted 
on a "cafeteria” system in the small plots where selected heifer, 
fifteen months old, are accustomed to feeding on grasses to be tested. 
Relative palatability of the 10 grasses tested is estimated by in­
dependent observers who awarded points, from one to 100, on the basis 
of frequent observations recording the number of animals feeding on 
any grass and the amount eaten. Thus a grass all of which was eaten 
within half an hour would be awarded 100.
e. Pasture value. Following these preliminary studies, the 
introduced or selected grasses are established in rows and studied for 
their yielding ability and other agronomic characters for statistical 
treatment.. In designing this trial, due attention be given to possible 
differences in the nutritive value of the grasses, and some estimate of 
the number of animals which could be carried in good condition per unit 
area. The experiment should also afford opportunity to observe effects
of defficiencie8 or other undesirable features as consequent of utilization 
of these grasses.
2. Suitable pasture plant species to be selected from already- 
existing population of plant. Most of the species listed below are 
native to Korea or already domesticated plant species found in nature 
in Korea. Alfalfa, bur clovers, cool season fesoues, and Dallis grasses 
which the writer described separately from the following lists in de­
tailed survey in an effort to introduce them into the pasture program 
of this study are not natives of Korea.
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TABLE III 
PASTURE GRASSES FOUND IN KOREA
Grasses Climatic adaptation : Soil adaptation Remarks
Bermuda
Brome
Buffalo
Barley, -wheat 
and rye
Wheatgrasses
Bluegrass
Rescue
Orchard
Timothy
Ryegrass 
(perennial)
Sudan
Best growth when 
mean dally temp, are 
above 7S°F. 26-28°F 
kill the stems and 
leaves back to the 
ground.
Cool climates or to 
regions in which 
cool seasons prevail 
during the growing 
period.
Relatively heat and 
: cold resistant.
Best growth in 12- 
2$n rainfall.
Whenever enough 
moisture is availa­
ble.
Able to grow at low 
temperatures.
Cool,humid climate.
Where the winter :
months are mild :
and humid.
Grows rapidly 
during the cool . 
weather in early 
spring. Requires 
higher rainfall 
than smooth brome- 
grass.
Cool and humid 
climate
Cool temp, and 
ample moisture 
during the summer 
Warm climate
Loams, clays, and 
silts.
Practically any 
type of soils.
Practically any 
type of soils.
Well drained soils 
of moderate ferti­
lity.
Do any fairy pro­
ductive soils.
Sand loams to 
clays of high pro­
ductivity.
Rich soils, sandy :
loam to clay loam. :
•
•
Thin and somewhat : 
infertile soils. :
Practically any 
type of soils.
Sandy loams to clay: 
loams of medium to : 
good fertility. :
Practically any :
well drained soils.:
Usually propagated 
by vegetatively. 
Suitable for perma­
nent and soil 
erosion control.
Grows better than 
Bermuda, excellent 
for erosion control.
Low growing, long- 
lived, unisexual, 
perennial. Suitable 
for permanent 
pasture.
Used locally adapted 
seeds for temporary 
pastures.
Drought resistant 
and easy to stand. 
Palatable and 
nutritious, vised for 
range and pastures. 
Annual winter and 
spring pastures.
Long-lived perennial, 
bunch type grass but 
grows in large 
masses.
Comes quickly and 
furnishes much pastur­
age at first, but is 
not permanent.
Tough characteristics 
as becomes older.
Most productive and 
palatable annual 
summer grazing plant.
37
TABLE IV 
PASTURE LEGUMES FOUND IN KOREA
Legumes : Climatic adaptation : Soil adaptation Remarks
Alsike clover 
Cow peas
Common and Kobe 
Lespedeza
Korean
Lespedeza
Kudzu
Crimson clover
Red clover
Vetch
White clover :
Cool climate and 
humid region
Same climatic 
conditions as com.
Hot weather plants, 
sensitive to cold 
but able to survive 
even below temp, 
zero.
Same as above
Humid arid area, 
grows extensively
Cool, humid weather 
and is tolerant of 
winter conditions.
Adapted to nothern 
areas, resistant to 
northern anthracnose 
and capable of making 
large yields in the 
long days of grow­
ing season.
Require cool temp, 
for their best 
development.
Cool and moist 
conditions.
Wet soils, fertile 
soil except sandy 
soils.
Practically all 
types of soil.
Almost any types 
of soil except 
extremely sandy 
soils.
Same as above
Wide range of soil 
types, but it does 
not grow well on 
light, poor sand 
or on poorly 
drained heavy clay 
soils.
Sandy and clay 
soils, and is 
tolerant of ordi­
nary soil acidity. 
Soils of good 
moisture holding 
capacity.
Well drained soils 
of fair fertility, 
more tolerant of 
acid soil than 
other legumes.
Clay and loam 
soils that have 
sufficient 
moisture.
Suited for Alsike- 
Timothy mixtures.
When intended for 
grazing usually 
planted with corn 
and grazed when 
seed matures.
Summer growing plants, 
drought resistant, 
grown for hay and 
summer grazing.
Annual drought 
resistant.
Very difficult to 
establish from seed. 
Plants should be set 
before spring growth 
begins; can readily 
be overgrazed.
Used in mixture with 
rye, vetch, and rye­
grass.
It is a deep-rooted 
habitat plant.
Winter hardy and 
tolerant to long 
period of dormancy.
For hay, silage, 
pasture, and green 
manure.
: Cool season perennial 
legume. It is a 
spring grazing crop.
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3. Desirable pasture plant species to be introduced from abroad.
COOL SEASON FESCUES
There are approximately one hundred species of the genus Festuca 
growing in the temperate or cool zones of the world. Some are annuals 
and others are perennials. The annuals are considered weedy but the 
perennials are excellent for forage and turf. The latter may be 
classified as broad-leaf and fine-leaf species.
Of the broad-leaf species, meadow fescue and tall fescue are 
the most important. Of the fine-leaf species, red fescue, chewing 
fescue and sheep fescue are the most useful.
Piper^ states that meadow fescue occurs naturally all over 
Europe and much of temperate Asia. It was first recommended for 
cultivation by Kahn in Sweden in 171*7. In England, it is a standard 
grass and was probably introduced into the United States from there.
In America it is grown to a limited extent in Southern Canada and 
Northern United States.
Meadow fescue is a hardy, short-lived perennial grass attain­
ing a height of 15 to 30 inches, or even more on rich land. It does 
not propagate by rootstocks or from a very heavy sod, neither is it 
inclined to be so bunchy as orchardgrass. Its leaves are bright green 
and very succulent, and remain so almost throughout the growing season. 
Like timothy and orchardgrass, it has excellent seed producing habits.
The seed is produced in abundance in much-branched or nearly simple 
open panicles similar to Kentucky bluegrass, although much larger
37piper, C. V., North American Species of Festuca: (New York:
McMillan Company), 1937.
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and more easily harvested. Fescue seed resembles perennial rye grass 
but can be identified from it by the joints of the rachiHa being 
flattened, slightly wedge shaped and not expanded at the apex. The best 
commercial seed attains a purity of 99% and a viability of 95-98$. It 
losses about 5$ viability the first year and falls off more rapidly 
thereafter. One pound contains approximately 250,000 seeds.
Meadow fescue responds well to fertility. It produces an 
abundance of dark green leaves on sterile shoots, and comparatively 
few culms on fertile shoots. It does not go dormant during the summer 
months in the temperate regions and grows during the winter if the 
temperature is moderate. If cut either for hay or for seed, it produces 
a good amount of aftermath. If cut early, the second crop will produce 
culms, but otherwise mostly leaves. It withstands close grazing fairly 
well. It is adapted to about the same area as timothy, but it will 
grow in areas where the rainfall is 15 inches. It, however, requires 
more precipitation to set seed. It is very hardy and will withstand 
low temperatures as it has been grown as far north as Alaska.
This grass prefers rich, moist or even wet soil, but will grow 
on poor, dry land. It will not grow well on sand. In shady places it 
thrives quite as well as orchardgrass.
It is used chiefly in pasture mixtures. It is very susceptible 
to crown rust and helminthosporium net blotch. Two weeds, cheat and 
whitetop fleabone, make it hard to maintain stands of meadow fescue. 
Cheat closely resembles fescue seed, and it is practically impossible 
to separate them.
Meadow fescue has been crossed with other species of Festuca, 
but so far no agriculturally Important hybirds have evolved.
DALLIS GRASS
It was not until l8oii that Dallas grass was described from 
Argentina. It is a native to South America, and was probably first 
introduced around New Orleans of Louisiana before 1879. It is widely 
known as Paspalum grass, water Paspalum, water grass, Paspalum, and 
Dallis grass. Dallis grass was named for A. T. Dallis of LaGrange, 
Georgia, who grew it extensively in his pastures.
It is found in New Zealand, Australia, India, Guam, Africa, 
Hawaii, British Guiana, and other various tropical and sub-tropical 
countries.
In Johart, India, trials were conducted with this grass at
several agricultural experiment stations and proved that it is a good
39pasture land grass.
Dallis grass is a smooth perennial, with a deep strong root 
system and grows in clumps or bunches 2 to 1; feet high but forms a 
sod when grazed. The leaves are numerous near the ground but few on 
the stems. The stems are slender and usually drooping with the weight 
of the flower clusters.
It is adapted to a wide variety of soils and it makes its best 
growth on bottom land soils because of more soil fertility and soil 
moisture. It is not as tolerant to excessive soil moisture as Vasey,
^®Piper, C. V. “Important Cultivated Grasses.« USDA Farmers* 
Bui. 1251i. 1929.
^Sengupta, D. M., Paspalum Dilatatum. A Promising Exotic 
Grass for Assam. Proc. 22nd IndianSci. Congr., New Delhi, India, 1935.
but it is more drought resistant. In blacklands, it is not drought 
resistant as Bermuda and is rarely found in areas of less than 30 inches 
of annual rainfall.
Ray^ expressed that the highest percentage of germination was 
obtained from seed treated with HC1 acid and seed that either had the 
lemma and palea removed or punctured with a needle. Some of the latter 
increased up to 92,% germination. This indicated that the lemma and 
palea are impervious to water. In the preliminary trials, he also found 
that the best gemination percentage was obtained in this grass when the 
temperature was between 30 to 32°C.
Dallis grass needs a higher fertility level than carpet and 
Bahia grasses. Lime and complete fertilizer high in nitrogen being 
particularly important for maximum growth. It is especially suited 
when planted with clovers. It may be used on the very best soils of 
the pine lands, provided lime and fertilizer are applied.
In sowing Dallis grass, great care must be used to have the 
ground in the very best possible condition. The seed is veiy light, 
hence it is best to sow broadcast eight to ten pounds of high- 
geminating seed per acre. Sow on ground which has been throughly 
plowed, harrowed and then roll or plank the seeds in.
In the Southern United States where it spreads naturally, 
some farmers have permanent meadows or pastures consisting largely 
or partly of Dallis grass. Owing to its tendency to lodge, this 
grass is better suited for pasture than for hay. It is one of the
^°Ray, C. B., "The Viability of Seed From Certain Species 
Of Paspalum Found in Texas." Unpub. Thesis. Texas A & M., 1936.
best winter pasture grasses for heavy, moist, black soils. It remains 
green all winter unless injured by severe frosts, and persistent grazing 
will not injure it. An immense number of leaves are produced which are 
renewed more quickly after grazing than those of Bermuda-grass, and under 
favorable conditions a Dallis grass pasture will last indefinitely. Wher­
ever Dallis grass is adapted permanent pastures of carpet grass or Bermuda- 
grass are made more valuable by including this grass.
ALFALFA. The writer’s attention on this world wide pasture 
plant was required to make in every detailed survey, in an effort to 
introduce and modify it rapidly under the given natural conditions in 
Korea for a successful pasture program.
Alfalfa belongs to the family Leguminosae, and genus Medicago.
There are some £0 known species belonging to this genus. Alfalfa is a 
true perennial with purple pea-like flowers growing in loose clusters 
or racemes. All species have 16 or 32 chromosomes except Medicago 
hispida which has 11* pairs of chromosomes. (
There is no recorded time when alfalfa was not in some portion 
of the world. In relating the history of alfalfa Coburn^ *" reports that 
the first record of its habitat was in Central Asia, now called Persia.
In Persia the records show that alfalfa was used to sustain the life 
of Nebchadnezzar during his humiliating exile. Alfalfa was carried by 
the Persians into Greece with the invasion of Xerses in li90 B. C, after 
the invasion of Greece it appeared in Rome in lU6 B. C. From Rome it
^Coburn, F. D., Alfalfa History, Orange Judd Co., New York.
1911.
spread generally over the Mediterranean area. It was known to have been 
cultivated in North Africa about the time of the conquest of the Moors, 
which was 711 A. D. From Spain it spread to France, Belgium and Bigland. 
By 1650 alfalfa had spread into practically every adapted parts of 
Europe. The climate and rich soils of Spain were well adapted to the 
production of alfalfa. McKee^ states, "The first introduction of 
alfalfa into the United States is not known, but the earliest date re­
corded is 1736 when it was presumably introduced into what is now Georgia." 
According to Stewart,^3 the strain of alfalfa coming from Chili has proven 
to be common alfalfa. The Grimm strain came in by the way of the 
Atlantic seaboard and was brought to the continent by a German named 
Wendelin Grimm. Since 1897 many strains of alfalfa from different parts 
of the world have found their way into the United States, and for some 
reason many of the strains have failed.
Alfalfa has a tap root system, with very few branch and secondary 
roots In the first two inches of soil. Twelve feet in length are common, 
and occasionally they reach a length of thirty feet.^ The diameter of 
the root Just below the crown varies from one half to one inch. Nodule 
fixing bacteria are found located on branch roots in the first two to 
twelve inches of soil. At the top of the root there is an enlarged mass 
called the crown. It is from this crown that all buds develop. Crowns
^McKee, Roland, "Legumes of Many Uses." USDA. Yearbook., I9I18.
P. 711*
^Stewart, George, "Alfalfa Growing in The United States and 
Canada." (New Yorks McMillan Co., 1926).
^Loc. cit.
14*
may be as much as ten to twelve inches in diameter but four to six inches 
is an average. This height of crown determines the winter hardiness of 
plants. Those plants with crowns low in the soil are more winter hardy 
than those with crowns above the soil line.
Stem develops from the buds on the crown. The number of buds 
varies from 30 to $0 on each crown, depending on the thickness of the 
alfalfa plants. As many as 300 stems have been found on one crown. The 
stem varies from six to sixty inches and measures from one-sixteenth to 
one-fourth of an inch in diameter. The sterns are ordinarily green in 
color, partially hollow and filled with white pith. Cutting encourages 
the development of new stems. If alfalfa is not cut, new stems will 
begin to develop from buds about the time the old plants bloom. Hector’s 
opinion differs from that of Stewart on development of new buds and 
stems, especially on one variety. Hector^ states, "In Medicago sativa, 
variety Gaetula, the. new stem develops as a rhizome with short intemodes 
and rudimentary leaves. The rudimentary leaves are protected with large 
stipules. As these rhizomes break the soil surface, they develop into and 
ascend upward as stems."
Alfalfa is naturally a leafy plant. Hector^ describes the 
leaves as being alternate, petiolate, and trifoliate. The stipules are 
large and adnate with two to each leaf. Leaflets are obovate-oblong and 
dentate, especially along the apex with a notched mucronate tip.
^Hector, J. M., Introduction to the Botany of Field Crops.
Vol. I, Central News Agency Ltd., Johannesburg, SoutF*Africa,""1935, pp. 710-33.
^Loc. cit
\6
Stewart^ says, "In clover all three leaflets arise from the same node, 
whereas in alfalfa the first two leaflets arise from one node and the 
terminal leaflet from a separate node." Leaves constitute about 1+0 per 
cent of the dry weight of the plant. There are three vascular bundles 
found in each leaf; the two lateral bundles make up the bundles of the 
stipules, and the middle vascular bundle proceeds on and branches out 
in each leaflet. The same is true in the first formed leaflet, which 
is unifoliate in the seeding plant, with the exception that the middle 
vascular bundle does not branch.
The inflorescence of alfalfa consists of dense axiallary racemes 
on peduncles which may exceed the length of the leaves. At blossom 
time each branch of the stem bears at least one cluster of pea-shaped 
flowers that are purple in common alfalfa, but smoky purple, yellow or 
white in variegated strains. The calyx is pubescent and five lobed with 
loves longer than the tube. The corolla consists of the standard, two 
wings and two keels, the standard being the largest, the wings next in 
size and the keels the smallest. The stamens are diadelphous. The 
single pistil is superior and has a single ovary with many ovules. The 
ovary develops into a fruit or pod containing from one to as many as 
eight seeds. The majority of seeds are kidney shaped and about one- 
sixteenth of an inch long. Seeds consist of seed coat, embryo and two 
seed leaves. Seed production of alfalfa varies and is dependent on many 
influential factors, Dann and Waldron^® working with experiments of seed
1+7Stewart, og. cib., p. 1+3
^®Dann, Bernhard and Waldron, L. R., "A Statistical Study of 
Certain Characters of the Alfalfa Plant Concerned With Seed Production." 
Jour. Aaer. Soc. Agron. 25:l81+-l89. 1933.
production, report that five or six per cent of the weight of the plants
is harvested as seed. Calculated on the production of four tons of
forage to the acre and five per cent of forage weight as seed production,
this would give a yield of 1*00 pounds of seed to the acre. Seed weight
was given as 1.86 grms. per 1000 seed. This seed weight agrees with the
li9seed weight reported by Westgate.
Vans ell and Todd'*® reported that the presence of pollinating in­
sects increased seed production. They further state that the alfalfa 
blossom is especially adapted for pollination by bees. The bee staddles 
the keel and extends his proboscis into the throat of the flower where 
the tripping mechanism is contacted, at the instant the pollen is re­
leased explosively and covers the bee. Vansell and Todd,^ working with 
caged and uncaged plots, report normal seed production on uncaged plots 
which were pollinated by bee, whereas on caged plots no flowers were
found to be tripped and no seed was produced.
5>2
Cooper's paper embryology of Medicago, he reports that 
fertilization takes place from 21* to 27 hours after pollination. The 
pollen tube enters the embryo sac between the synergids and egg. Two 
male gametes are discharged from the pollen tube into the vicinity of 
the egg. One gamete unites with the egg, the other one unites with
1*9^Westgate, J. M., "Varigated Alfalfa." USBA. Bur. Plant Ind. 
Bui. 169. 1910.
^Vansell, G. H. and Todd, F. E,, "Alfalfa Tripping by Insects." 
Jour. Amer. Soc. Agron. 38si+70—U87• 19l*6
^Loc. cit.
^Cooper, D. C., "Macrosparogensis and Bnbxyology of Medicago." 
Jour. Amer. Soc. Agr. Res. 60; l*5>3-72, 191*0.
the fusing polar nulei. Each ovary contains ten to twelve ovules, but 
an average of only two to four show any signs of fertilization. The 
number of ovules found by Reeves'^ is contradictory to the number reported 
by Stewart.*^ Cooper'’*’ in his experiments with fertilization and 
pollination found that five times as many seeds developed from each flower 
pollinated by crossing as developed from each flower pollinated by self- 
ing. Pods formed after selfing contained 1.93 seeds each, whereas pods 
formed after crossing contained %.kk seeds each.
It has long been a matter of common knowledge that the extent 
of top growth of plants is intimately associated with the extent of 
their root development. Albert^ in experiments with growth of alfalfa 
reports that plants are able to store in the roots organic foods which 
the plant may subsequently use in the production of top growth. He 
further states, "The greatest storage of plant nutrients in the roots 
of alfalfa occurs.during the third year, afber which there is a gradual 
decline in the ability of the roots to store reserves."
91Miller in working with experiments on liming of soils reports 
a decrease in the acidity of the cell sap of alfalfa. Cell sap of plants 
on unliraed soils had a pH of 5»78, whereas cell sap on plants on limed
•^Reeves, R. G., "Development of the Ovule and Ehbryo Sac of 
Alfalfa." Amer. Jour. Bot. 17:239- 2lj6. 1930.
^Stewart, og. cit., p. U3
Cooper, D. C., "Partial Self Incompatibility and the Collapse 
of Fertile Ovules as Factors Effecting Seed Formation in Alfalfa."
Jor. Agr. Res. 60:it53-U72. 19U0.
^Albert, W. B., "Studies in Growth of Alfalfa and Some Perennial 
Grasses." Jour. Amer. Soc. Agron. 19:62l4-6j?li. 191:7
-^Miller, e. C., Plant Physiology With Reference to the Green 
Plant. 2nd Ed. McGraw-Hill" Book Co., New tork., 1938.
1*8
soils had a pH of 6*03.
Regarding mineral content of alfalfa, Wallace et al.^® say, "There 
is a seasonal variation in the nutrient content of consecutive cuttings 
of alfalfa at the same degree of maturity." In his experiments on mineral 
content of alfalfa he found the amount of cations and anions in the 
second cutting was lower than that in the first cutting. This is con­
sistent with the view that a decrease in cation and anion content is 
the result of dilution of the carbohydrates of the plant. In calculating 
the anion equivalent, he found nitrogen to be the most dominant and 
comprised with approximately 70 to 90 per cent of the total anion 
summation values.
It has been shown in experiments conducted by Grandfield^ that 
the critical period in the life of alfalfa is in the fall and that the 
removal of late summer growth lowered the carbohydrate and nitrogen con­
tent of the roots to such an extent as to make the plant more susceptible 
to winter injury. Close fall grazing reduced the number of vigour of 
crown buds. The crown buds in hardening to cold had a decrease in 
water content from September to the last of January, with a minimum 
reached in January, when the buds showed their greatest resistance to 
cold. This hardening process of the crown is brought about by the 
rapid translocation of the sugars in the roots, which increases the
Wallace, Arthur, Toth, Bear, and Terman. "Cation and Anion 
Relationships in Plants With Special Reference to Seasonal Variation 
in the Mineral Content of Alfalfa." Jour. Amer. Soc. Agron. 1+1:66-72. 
19^9.
^Grandfield, C. 0., "Food reserves and their Translocation 
to the Crown as Related to Cold and Drought Resistance in Alfalfa."
Jour. Agri. Res. 67:33-1*8. 191*7.
k9
concentration of the cell sap and lowers the water content of the buds. 
Grandfield further states, "Food reserves are essential for developing 
cold resistance in alfalfa and from a practical standpoint they can be 
influenced by proper cutting practices." Garner 0^ reporting on 
photoperiodism of alfalfa classified the plant into short, long, and 
neutral day types. He says, "There are marked differences frequently 
existing in the critical photo-periods of otherwise closely related 
varieties and strains within a Genus."
Oakley and We stover^- found Peruvian alfalfa grew best under 
short day periods, while Grimm alfalfa grew best under long day periods. 
The Peruvian variety has been grown in and around Washington, D. C. 
since 1876, where there is relative long days for the growing period. 
They say "The relation between locality of origin of the various alfalfas 
and their reaction to day and light period is shown consistently."
The wide distribution of alfalfa in the world indicates a re­
markable adaptability to climate and soil. Westover^ says "Alfalfa 
thrives on soils of deep loam which have an open porous sub-soil." On 
account of the deep penetrating roots, alfalfa does not thrive on soil 
that has an impervious sub-soil, hard pan or bed rock near the surface. 
Good surface and under drainage must be considered in selecting soils 
for alfalfa production, as the plant will not thrive on soil with a
^Garner, W. W., "Recent Work on Photoperiodism." Botanical 
Review. 3:259-275. 1937.
^•Oakley, R. R., and Westover, H. L., "Effect on the Length of 
Day on Seedlings of Alfalfa Varieties and the Possibility of Utilizing 
This as a Practical Means of Identification." Jour. Agr. Res. 21:599-680
62lq c. cit.
high water table. It makes little or no growth on soils of high alkali 
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content. Cobum says, "In selecting a soil suitable for alfalfa 
production, one needs to select a deep loam that is well drained and 
high in lime, as no other legume requires as much lime as alfalfa.” The 
plant thrives on soils varying in texture from coarse gravels and sands 
to heavy compact clays, but gives the highest production of forage 
when growing on deep porous loams that are rich in lime and phosphorus 
and not extremely low in s u l p h u r F r e e  aeration of soils in arid 
climates permits a better oxidation of mineral particles for several 
feet below the surface than occurs in soils of humid areas. The uniting 
of oxygen with mineral elements renders them soluble and consequently 
available as plant nutrients. The small amount of leaching of minerals 
that does occur in arid regions removes only small quantities of soluble 
salts from the soil, whereas a considerable portion of the minerals 
that are essential to the production of alfalfa are carried away in 
the gravitational water in humid regions.
Lime has nothing to do with raising the fertility level, yet 
it is required for the growth of alfalfa. Westover^ -* says "The greatest 
need for fertilizer by the alfalfa plant is phosphoric acid and humus." 
Potash is an essential element for alfalfa production and light
^Coburn, F. D., The Book of Alfalfa. Orange Judd Co., New 
York, 1911.
^Stewart, og. cit., p. U3.
6^ Westover, H. L., "Growing Alfalfa." USBA. Farmer’s Bui. 1722,
193)4.
applications are very beneficial. The plant requires nitrogen only for 
its early growth and after it is established other factors being favorable, 
it will obtain its nitrogen from the air by means of bacteria in nodules 
on the roots. If commercial fertilizer is to be used, 300 to $00 pounds 
of 16 per cent superphosphate and 75 to 100 pounds of muriate of potash 
are the average application if the fertility of the soil is low. Rogers^ 
concluded from experiments run on boron deficiency soils at the Agri­
cultural Experiment Station, Auburn, Alabama, reported that alfalfa 
produced on the average $8 per cent more hay where borax was applied.
This represented an average increase of 1,807 pounds of alfalfa hay per 
acre per year for the addition of 20 to 25 pounds of borax to the acre 
at the time of seeding. A single application of borax was effective in 
increasing the hay yields for two to three years.
The biotic relationship of alfalfa to other plants can be most 
helpful. Alfalfa obtains its own nitrogen by a process called nitrogen 
fixation. The nitrogen is collected out of the air by the bacteria and 
stored in nodules on the roots. Nitrogen fixing bacteria cause the 
nodules to form on the roots for the storage of nitrogen. The inosculation 
of seed can be done artifically by the use of specially prepared mixtures 
of inoculant. The older method is the use of soil from a field grown 
in alflafa the previous year, but this is considered a poor method of 
inoculation according to today's standards. Inoculation of alfalfa 
seed is not needed in the western part of the United States as much as 
it is in the more humid areas of the South and Eastern part of the
66Rogers, H. T., "Boron Response and Tolerance of Several 
Legumes to Borax," Jour. Amer. Soc. Agron. 39:897-912, 19U7.
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United States.
Alfalfa decreases in production on some soils after eight to ten 
years. This is primarily due to the depletion of the minerals which are 
essential to the growth of alfalfa and to the depletion of the sub-Boil 
moisture. Crop rotation is beneficial in avoiding reduced production. 
Other non-leguminous crops following alfalfa will show an increased 
production. This increased production is partially due to the following; 
humus left by decaying alfalfa roots, storage of nitrogen in the soil, 
opening of the sub-soil by deep penetration of roots and the absence of 
diseases harmful to non-legumes.
Alfalfa is adapted to a wide variation in climate, although it 
thrives best in a hot dry climate. Westover ' says, "Alfalfa requires 
considerable moisture to produce profitable yields of hay, yet it 
thrives in a relatively dry atmosphere where water is available for 
irrigation." Alfalfa is not adapted to humid conditions but grow well 
altitudes varying from below sea level in the imperial valley of 
California to a height of 8000 feet in Colorado. Alfalfa withstands 
high temperature but is damaged by extremely low temperature. On 
poorly drained soil, alternate freezing and thawing frequently do much 
damage to alfalfa by heaving the plants.
BUR CLOVERS
The bur clovers have trifoliate leaves with denticulated leaf 
margins. The leaf is pinnate with the terminal leaflet stalked and
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Westover, og. cit., p. 50.
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articulate. The flowers are In heads or short racemes; they are
zygomorphic and the stamens are didelphous. The fruit is a small pod
that is spiral or coiled. The plants are low spreading herbs.
Southern spotted bur clover, can be recognized by the reddish brown
spot in the center of each leaflet on the upper surface. The leaves are
somewhat larger than California bur clover. It has a low spreading habit
of growth and yellow flowers. There is a toothed stipule and the pods
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are spiny containing an average of from 2-8 seeds. Fryer found all
varieties to have 16 chromosomes.
California bur clover has no spot upon the leaves. It has a
toothed stipule, trifoliate leaves, and a procumbent habit of growth.
The pods or burs are flatter and more oblong than Southern spotted bur
clover and have from three to five seeds. All varieties have fourteen
69chromosomes that are similar in size. 7
The. statement that "bur clover will grow wherever cotton will 
grow" has been aptly used. The annual Medicagos are cool season annuals, 
germinating and growing during the fall, winter and early spring. They 
mature with the coming of hot weather and pass out of the picture. Some 
plants of bur clover have perennating ability, but this is unusual.
Regions of moist and mild winters are the most suitable areas for 
the bur clovers.
68Fryer, J. R., "Cytological Studies in Medicago, Melilotus, 
and Trigonella." Canada Jour, of Res. 3*3—U7• 1930.
^Loc. cit.
Bur clover will succeed in practically all types of soil 
however, it is most suited to fertile, moist, and well drained loams 
that are neutral to slightly alkaline. It has been found that it 
succeeds in slightly acid soils but responds to liming in such con­
ditions. Apparently the plant is as tolerant of alkali as is barley. 
The use of liberal quantities of stable manure or superphosphate will
usually give good results. Potash has been beneficial in some cases.
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Boron application has given increased growth in Alabama.
Bur clover is advantageous because it produces grazing two 
weeks earlier than other crops. It produces large quantities of 
seed, and can reseed and maintain itself if allowed to mature seed 
once every three or four years. The rate of seeding is fifteen 
pounds of clean seed per acre drilled, five to ten bushels of burs 
per acre for pasture and ten to fifteen bushels per acre when used 
as green manure.
The characteristics of hard seed with this plant is very 
much advantageous because it insures the subsequent volunteering.
The bur clover is not recommended to be seeded with the 
pasture plant species such as lespedeza, alfalfa, oats, wheat, or 
any other crops which may begin growth before bur clover matures.
When used as a cover crop: for rice, the seeds are ruined under 
constant water and reseeding is done each year. Germination of 
seed after three years is still high. ^
70McKee, Roland, "Bur Clover Cultivation and Utilization.1 
USDA Farmer’s Bui. 171*1, 19U9.
7lLoc. cit.
Bur clover is primarily a winter pasture crop. It furnishes a
good grazing from the middle of March to June in the northern part of
the cotton belt and goes off earlier on the Gulf Coast. A mixture of 
bur clover with Bermuda grass has proved very useful in the Southern part 
of the United States.
C. PRINCIPLES OF LAND USE AND 
FERTILIZER PRACTICE
Although certain species of grasses and legumes will withstand 
conditions under which our most important food and feed crops will not 
thrive, maximum production of forage and starting grassland farming in 
success is obtained only on our most fertile soils. Hillsides that may 
be seen in most areas in Korea, and that have suffered from washing rain
without suitable protection are not in a fertile state and can not be
expected to supply abundance of grazing pasture plants. However, from 
the standpoint of an increasing population and soil erosion control, 
the ultimate pasture land program should be extended to these large 
areas of hillside by introducing the most suitable pasture plant species 
in an effort to introduce a new source of food.
1. Soil requirements. Morgan, Gourley, and Ableiter^ have 
discussed certain conditions that must be met in the production of 
forage plants in a region climatically adapted to them. These may 
be summarized as follows:
a. Topography and soil erosion. The lay of the land is often
^Morgan, M. F., Gourley, J. H., and Ableiter, J. K., "Soil 
Requirements of Economic Plants." USDA. Yearbook, 1938.
the determining factor In deciding on the suitability of a given crop 
for a specific cropping program, both with respect to cultural operations 
and soil erosion. Undesirable physical properties of heavy clay soils 
may make it expensive to operate. The presence of boulders adds to the 
expense of cultivation. The erodability of certain silt loams and very 
fine sandy loams makes it difficult to use them for many valuable 
cultivated crops to which they are otherwise adapted.
b. Moisture supply. An adequate moisture supply is not possible 
on great areas of excessively sandy soils unless irrigation is available. 
The supply of both water and oxygen for plant roots is determined by 
such conditions as the size and arrangement of the soil particles, and the 
depth to the water table.
c. Aeration. Adequate aeration is not possible in many soils 
with a water table near the surface, or with heavy subsoils that cannot 
be drained satisfactorily. In many regions where well-drained, suitably 
aerated soils, with mellow or friable subsoils overlying porous sub­
strate, are available, the water-logged soils are left to native 
vegetation or to low grade grazing provided by certain grasses and 
sedges that withstand such a condition. Soils with only slightly imper­
fect aeration may be satisfactory except for seasons of especially 
heavy rainfall, or with increased agricultural age of the land.
d. Plant nutrients. The supply of plant nutrients is readily 
adjusted. Greater availability of fertilizer materials and better know­
ledge of plant nutrition tend to lessen the difficulty of combating the 
unfavorable economic position of a chemically "poor" soil. But a 
naturally fertile soil requires a comparatively small investment in
fertilizer for the growing of the common farm crops. High priced rich 
land is often a better investment than low-priced poor land, but there 
are many exceptions to this rule.
e. Soil reaction. The acidity or alkalinity of the soil is an 
important factor influencing plant growth. Under strong alkaline con­
ditions the development of excessive amounts of alkali carbonates may 
be harmful. This may be corrected by the use of gypsum or sulphur. In 
very acid soils such toxic constituents as aluminum and manganese come 
into solution. This may be corrected by the use of lime. The availability 
of phosophorus and the rate at which nitrate is released for plant use 
is determined largely by the degree of acidity or alkalinity of the soil. 
The most desirable condition for plant growth is found on slightly acid 
soils.
2. Fertilizer practice. Grass and legume crops provide more 
and better pasture if adequate amounts of fertilizers are applied. In 
proportion as better growth is obtained, the larger root systems associated 
therewith have greater effects in improving the physical properties of the 
soil. If the crop is'a legume, a larger quantity of nitrogen is 
accumulated from the air and more of it will be left behind in the 
roots and sod.
Soils vary greatly in the kind and quantity of fertility elements 
they can supply to the growing crop. In some areas the local differences 
may be marked. The fact that one farmer gets excellent results by the 
use of large quantities of fertilizer does not mean that his neighbor 
a few miles away can get similar results.
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The National Joint Committee on Fertilizer Application^ has 
summarized the principles involved in fertilizer use as follows:
(l) Adequate quantities of plant nutrients in correct balance within 
the rcot zone, in addition to optimum moisture, proper aeration, and 
other favorable conditions, are necessary for maximum yields. (2) 
Irregular distribution can lower fertilizer efficiency if some plants 
or plant roots are given too much and other too little. (3) Early 
stimulation of the seedling is usually advantageous, thus, at least a 
part of the plant food should be placed within reach of the young 
seedling roots. (I4) Soluble salts go into solution in moist soil 
and move to some extent. The rate and distance of movement depend upon 
the chemical nature of the soluble salts and upon the character of the 
soil. They may move upward during dry periods or be carried downward 
with rain or irrigation water. (5) Nutrient elements when in dry 
soil are of little or no benefit to the plant. Such conditions may 
exist in the surface soil during prolonged dry periods. (6) Excessive 
concentration of soluble material in contact with either seed or roots 
causes injurious effects. Crops, however, vary in their tolerance of 
soluble salts. Concentration of relatively small amounts of fertilizer 
directly above, immediately under, closely around, or in the furrow 
with the seed is generally hazardous for most crops, and a large amount 
so applied may severely injure the initial roots of the seedling or 
even impair germination. (7) Water soluble fertilizers of relatively 
low plant-food content have a greater salt concentration per unit of
^National Joint Committee on Fertilizer Application,
Methods of Applying Fertilizers."National Fert. Assn., Pamphlet 1U9
191+8, 26 pp.
plant food and a greater tendency to produce salt injury than do equal 
amounts of plant food in the more concentrated fertilizers. (8) In 
commonly used fertilizers, because the nitrogen and potash carriers are 
more readily soluble than the phosphate material, they cannot be safely 
concentrated in as large amounts near the seed or roots. (9) Reduction 
of soil moisture increases the concentration of the soil solution^ there­
fore, relatively large amounts of fertilizer placed too near the seed or 
seedling roots are most likely to cause injury during unusually dry 
periods, particularly when such periods occur soon after fertilizer 
application. Concentration also depends upon the water-holding capacity 
of the soil. (10) Fertilizer applied on the soil surface arid plant 
nutrients moved to the soil surface during dry weather are subject to 
removal in the surface runoff water of sudden intensive rain. (11) 
Leaching is greater from sandy soils than from heavier textured soils. 
This means that more frequent applications of nitrogen carriers, and 
sometimes of phosphates and potash as well, are desirable on sandy land. 
(12) Progressive fixation of phosphates and potash by soil clays con­
tinues to diminish their efficiency for a considerable period follow­
ing their application to the soil. Fixation refers to any chemical 
or physical interaction between soluble plant nutrients and the soil 
whereby the nutrients become less available to the crops. Soils with 
high iron content tend to fix phosphates more readily than do those 
with low iron content. Acid and alkaline soils fix phosphates more 
readily than nearly neutral soils. Soils with high mica content tend 
to promote high fixation of potash. Fertilizer nitrogen is readily 
available for plant growth, and any soil fixation is only temporary.
The ammonia form of nitrogen is absorbed by clay particles in the soil 
and held against movement in the soil but is available to plant roots 
and to soil organisms. Nitrogen used by soil organisms and plants is 
slowly released in available form as these organisms decompose. (13) 
Since phosphate moves slowly from the point of placement, it should be 
placed where it will be readily accessible to the plant roots, (lit)
Crop rotations may be so planned as to conserve available plant nutrients 
that might otherwise by lost by erosion or leaching. Green-manure crops, 
both legumes and nonlegumes, grown between cash crop seasons utilize 
much of the available plant food and retain it for use of the crop that 
follows. They also increase the supply of soil organic matter, improve 
aeration, and favorably influence soil structure and water relations. 
Deep-rooted legumes, such as sweetclover, are particularly beneficial, 
because under many conditions they can penetrate and help break up 
compacted soil layers, thus increasing the root-feeding area of succeed­
ing crops. (l£) Localized placement of fertilizers near the seed or 
seedling roots is usually desirable for three important reasons; (a) 
Restricted contract of fertilizer with soil lessens fixation of phosphate 
and potash, (b) Necessary plant food is placed within easy reach of 
plant roots, and possibility of injurious concentrations is minimized 
if the proper placement is accurately controlled, and (c) Fertilizer 
placed in a band along the row does not readily furnish nutrients to 
weeds growing between the rows. (16) Localized application when too 
far from seed or roots can result in retarded growth until the roots 
reach the supply of plant food. (17) Broadcasting and thorough in­
corporation of the- fertilizer in the plowed layer of soil by disking 
or similar tillage operations brings the plant nutrients into intimate
contact with a large amount of soil, which is a condition most favorable 
for fixation of phosphates and potash. Such methods are sometimes 
employed, however, for closely spaced plants, for preventing excessive 
salt concentration, for incorporating into the soil slowly available 
materials, or for raising the general fertility level of the entire 
tilled layer of soil. (18) Top dressing and side dressing with nitrogen, 
and sometimes with potash, are useful in minimizing the concentions of 
salts when heavy total applications are made, in providing nutrients at 
a critical or opportune stage of crop development, and in replacing plant 
food when losses result from leaching and other causes. Nutrients applied 
as side dressings are of most immediate benefit to the plant when placed 
in moist soil in the root zone, but in making the application excessive 
mechanical destruction of the root system must be avoided. (1?) Zinc, 
copper, and a number of other mineral elements can be absorbed directly 
from sprays on the leaves of plants and from injections into trunks of 
trees.
D. SEED AND SEEDING
1. Seed for pastures. In the final analysis, all phases of 
pasture establishment and utilization become valueless if seed supplies 
of desirable grasses are inadequate.
Clean and high percentage of germinating seed is most essential 
in seed selecting procedure.
The rough or preliminary cleaning of seed can be done readily 
with a farm fanning mill. This should be done as soon as possible after 
harvesting to remove immature seed and inert material that might lead to
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heating and a reduction In germination. If the crop is free from weeds 
the seed may not require much additional processing for putting it in 
marketable condition. If the crop is foul with weed seed, particularly 
seed similar to the crop seed in size, shape, and specific gravity, one 
or more cleanings with specially designed machines may be required to 
condition it for use or sale. The larger seed concerns are well equipped 
with machines and devices for getting weed seed out of crop seed. Such 
machines do an excellent job, but sometimes with a considerable loss of 
crop seed. The amount of recleaning that seed requires is determined by 
purity and germination tests.
In most cases weeds are the bane of seed growers. Selection of 
fields as free as possible from weeds and weed seed is one of the first 
prerequisites to avoid later trouble. The weed hazard may be reduced 
by the use of one of the following practices before making the seeding:
(a) grow clean-cultivated row crops; (b) follow for one or two years; 
and (c) use chemical weed killers. Planting a grass or a legume alone 
usually will give a higher seed yield than a mixture.
2. Mixture seedings for forage production. In the United States, 
many f aimers have found the value of growing grasses and legumes together 
for pasturage instead of pure stands of grasses or legumes alone. The 
mixture seedings of grass-legume have many advantages and less disadvantages.
a. Advantages. (1) Legumes in pasture mixtures keep to maintain 
the nitrogen content of the soil and reduce the need of commercial 
nitrogen fertilizers. The commercial nitrogen fertilizer may exert either 
benefit or harmful effects or uptake of other nutrient elements by pasture 
plants. But nitrogen composed by legume plants presumably will exert this
effect to a much smaller degree, because it comes available more gradually 
and evenly than commercial nitrogen fertilizer, furthermore it is not 
present in combination with strong acids or bases. Therefore, the legume 
nitrogen may be an advantage in those regions where long periods of 
drought may prevail and there is no opportunity for applied commercial 
nitrogen fertilizer to reach the plant roots. (2) The percentage of 
protein content of grasses in mixture are higher than the grasses grown 
alone. Holt, Potts, and Kapp7^  made a study concerning the total 
production of crude protein by grasses grown alone and grass-crimson 
clover mixture. The percentage of crude protein for the grasses grown 
alone and for the grass components provided by the same researchers is 
shown in Table V for the four clippings. The protein content ranged 
from 31.0 per cent in February to 12.2 per cent in May. In general, 
the grasses which produced the greatest yields were lowest in protein.
This was also true for oats, Harding and rescue grass in February and 
March.
7V l t ,  E. C., Potts, H. C., and Kapp, L. C., “Effect of Crimson 
Clover an the Yield and Chemical Composition of Cool Season Grasses." 
Progress Report 3li03« Texas Agr. Exp. Sta., September, 1951.
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Figure 1, Total yields of air-dry forage from grasses grown alone and 
grass-crimson clover mixtures*
TABLE V
PERCENTAGE CRUDE PROTEIN IN THE FORAGE OF COOL SEASON 
GRASSES GROWN WITH AND WITHOUT CRIMSON CLOVER
------------ » w f f i '  ' " » r v m s m  T ^ e a S "
Species : : : : :
___________ :Alone W.C.:Alone W.CtAlone W.C.:Alone W*C*:Alone W.C.
Letoria oats
:
:16.8
•
17.6 illi.9 10.1:15.2
•
UU.l; :13.8
:
12.5:15.2 13.6
Alta fescue :22.8 21;,6:18.8 19.1:16.0 17.2:13.6 13.U:17.8 18.6
Ky. 31 fescue :21.9 23.1:20.2 19.6:15.1 17.3:13.2 12.8:17.6 18.2
Lincoln brome : :18.9 :16.9 21.7:18.8 17.0:18.2 19.U
Ahenbach brome :27.3 31.0:19.3 23.1;:l6.1 20.6:18.0 19.7:20.2 23.7
Reed canary :26*2 26.8:22.0 2l;.l:l5.i; 18.1:12.2 21.5:20.7 22.6
Orchard grass *27.8 30.0:23.9 2U,2:19.1 19.U:17.8 18.8:22.2 23.0
Hardinggrass :19.9 20.5:20.1 18.2:17.7 3b6.3:XU.U 12.5:18.0 16.9
Peren* ryegrass :19.8 21.3:20.5 19.1:16.0 16.8:18.8 17.U.-18.8 18.6
Texas rescue U6 :20.1 19.8:15.1; 13.9:ll;.3 ll;.2 :lh.8 13.9:16.1 15 .U
• • • • •• • • • i
Crimson clover: 32.if : 23#1 : 20*8 : 16*0 : 23*1
Alone ■ Grass grown alone, W. C. * Grass grown with clover
(3) The grass grown with legumes is higher in phosphoric acid 
P205 content than grass grown alone, but this difference may not be 
significant.
TABLE VI
PERCENTAGE OF P205 IN FORAGE OF COOL SEASON GRASSES 
GRCWN WITH AND WITHOUT CRIMSON CLOVER7^
Species 2/7/50 3/27/50 |V28/50 5/l5/50 ^averagem
«
Alone :W.C. * tAlone :W.C. .Alone :W.C. 
•
• • •
Alone :W,C.jAlone WC.
Letoria oats .1*9 .52 .32 .30 :.1*1 .1*1* .1*7 .53 .1*2 .1*5
Alta fescue •5U .57 .1*3 .1*8 s. 1*0 .Ui .36 .1*2 .1*3 .1*7
Ky* 31 fescue •56 .57 .1*8 ,U5 :.1*0 .ia .36 .39 .1*5 .1*6
Lincoln brome • .59 s.53 .51* .ia .1*2 .51 .1*8
Ahenbach brome .61* .73 .56 .1*3 s.51* .1*1* .51 .1*3 .51* .51
Reed canary .62 .61 .53 .53 :.50 .1*8 .1*1* .1*6 .52 .52
Qrchardgrass •76 .83 .57 .55 :.U8 .1*3 .1*0 .1*5 .55 .56
Jferdinggrass 
Perennial rye­
.1*9 .53 .1*0 .1*3 : .1*1*
•.
.la .35 .1*0 .1*2 .1*1*
grass .51 .51* .1*1* .1*0 :.1*0 .38 .la .1*2 .1*1* .1*1*
Texas rescue 1*6 .1*7 .1*7 .31 .31* :.39
«•
•
.39 .36 .1*5 .38 .ia
!
Crimson clover : 
:
.79 :
e•
.56 !
••
.1*7
1*
.1*7 .57
Alone “ Grass grown alone,
W. C. ■ Grass grown with clover*
(1*) Crimson-legume mixture results in a more uniform stand and 
higher in total production in pounds per acre of air dry matter, because 
seasonal soil conditions are often represented in a pasture, and provide
7*Holt, Potts, and Kapp, og. oit., p, 63*
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plants adapted to each soil conditions. Following figure 2. provided by- 
Holt, Potts, and Kapp^ as the same series of research of that figure 
1.
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Figure 2. Total production of crude protein by grasses grown alone and 
grass-crimson clover mixture.
Soules^ also made a study on the value of mixture seeding of 
some winter grasses and small grains with Dixie crimson clover* He 
provided the data of Table 7.
^Bolt, Potts, and Kapp, op. oit., p. 63*
^Soules, J. T., MA Study on the Value of. Qrass-legume Mixture 
Seeding." (Unpublished Master's Thesis), College Station, Texas, Texas 
A. & M. College, August, 1950.
TABLE VII
TOTAL YIEIDS IN POUNDS PER ACRE OF AIR DRX FORAGE FRCM SCME WINTER 
GRASSES AND SMALL GRAINS GROWN ALONE AND IN COMBINATION 
WITH DIXIE CRIMSON CLOVER
. pg : (5) ; I
Varieties xGrass in :Grass Part xClover PartjGrass-clover
xPure Stand :of Mixture of Mixture xMixture
Texan-grass
X
•
• 1963 1688 29U8 1x636
Stanton-grass •• 2300 1922 3200 5122
Clinton-grass •• 1756 . 151x2 3668 5210
Ful.;X D6? X 2396 2361 3561 5336
//ll9 Barley •• 210U 1757 2975 1x732
#1x6 Rescuegrass •• 1567 1323 3886 ' 5009
Ranger X 21x18 2319 3815 593lx
Leotoria •• 2931 2339 2902 52U1
Tunis X 2336 2310 3000 5110
Ryegrass 161x6 137lx 31x13 1x787
Abruzzi 2102 1667 2910 1x577
DeSoto 2613 2225 3626 5851
Fulwin Hyb. 2820 2363 3725 6088
Seabreeze 1961 1859 1x008 5867
Mustang 2938 2705 3170 5875
New Norteac 2713 2028 2391 10x19
Fultex 221x7 1710 33lxlx 5o51x
Ant, - B X B 23U9 1987 3976 5963
Tennex X V. H. B. 2013 1706 361x0 531x6
Supremo 1900 1337 1x01x6 5385
.05 1x60* Hxlx
. . *BHt
55o
L. S. D. X 44 •
.01 X i« 600 192 733
X J  X
« L. S. D. between (A) and (B) of each variety,
tf* L. S. D. between varieties,
ft** L. S. D. among varieties.
(5) Mixture provides a longer grazing season, in other words,
it provides a more uniform seasonal production because the period of 
flush growth and dormancy vary in different plants.
68
(6) Mixture of grass-legume provides a better balanced ration, 
as legumes are richer than grasses in protein and minerals.
(7) Grass-legume mixture resists the encroachment of weeds 
better than pure legume stands.
(8) Grass-legume mixture resists the soil erosion better than 
pure legume stands.
b. Disadvantages
Prom the standpoint of pasture management, the mixture seedings 
have some disadvantages than pure stands. In mixtures of pasture plants, 
some species may be more palatable for livestock than others. Thus in 
grazing the animals are selectable and they will tend to choose the 
species which are most palatable for their tendency leaving behind the 
species that are less palatable. For example, in mixtures of oats-legume, 
the cattle will graze oats first and then legumes. These results make it 
hard to apply adequate amounts of fertilizers.
And also one of the disadvantages of mixtures is that the tall 
growing species will shade the other short growing species.
3. Seedbed preparation and seeding
Most of the plants recommended for permanent pastures have 
small seeds and the young seedlings are weak. It is, 'therefore, necessary 
to prepare a good firm seed bed in order to make shallow seedings and 
to cover the seed lightly with proper depth. Shallow seeding is 
determined by the species, size of seed, soil type, and moisture 
conditions. Usually the planting depth should be no greater than 3/1; 
inch except on light sand soils on which most species can be seeded
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somewhat deeper . Table 8 shows the depth of seeding forage crops in 
relation to emergence of seedings* The seeds were sown May 18 on Miami 
silt loam at Columbus, Ohio. Seeds were hand-placed and hand-covered 
to accurate the depths. Several hard showers were followed by high 
evaporation during the germination.^®
TABLE VIH
DEPTH OF SEEDING FORAGE CROPS IN RELATION TO EMERGENCE OF SEEDLINGS
:
t Percentage of emergence of variable seed
: after 25 days when at depths were of
:
: :
: 0":
• e• *
••
In •4 • 
t
•
i"!
:
: : 
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2" 0"
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2":
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Species :
••
••
••
Not mulched Mulched with one ton of straw 
per acre
«
Alfalfa ! U2 75 63 1*8 7 1 76 85 82 73 1*5 16
Yellow sweet : 
clover : 35 1*1* 1*3 30 6 2 53 78 67 73 36 12
White sweet : 
clover : 15 3U 30 15 2 0 1*9 60 62 1*2 15 5
Red clover : 1*0 1*1* 3 9 25 1 1 71* 85 86 70 26 3
Alsike clover : 39 21 22 7 0 0 70 91 91 1*6 7 1
Crimson clover: 57 83 78 5o 9 0 78 95 93 75 1*5 5
Koreanlespedezd 1*8 88 82 33 3 0 70 96 92 66 9 l
Orchardgrass : 37 58 55 1*0 9 3 78 95 86 69 36 10
Timothy * 30 
:
1*6 27 3 0 0 1*9 70 68 23 1 0
A general practice is to seed the grasses and legumes in email 
grain which is considered a nurse crop. In defense of this practice, it
Moore, R. P., "Seedling Emergence of Small-seeded Legumes 
and Grasses." Jour. Amer. Soc. Agron. 35* 370-81, 19l*3.
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is claimed that the wheat, oats, rye or barley takes the place of weed3 
and less harmful to the pasture plants than are weeds, and in addition 
there is a crop of grain or. hay which pays for the labor expended.
The land to be seeded should be plowed long enough before 
seeding time so that it will become settled and firm. Just before 
seeding it is profitable, except on especially productive soil, to supply 
llOO to 600 pounds per acre of a complete fertilizers that is known to 
be successful on small grain crops in that vicinity. Fertilizers having 
approximately a U-12-U formula are generally effective, A light disking 
after the fertilizer application will put the soil in condition for seed­
ing, which is usually accompanied by broadcasting. If a cultipacker is 
available running this over the land after seeding is the desirable method 
of covering the seed. If there is no cultipacker available, then ordinary 
spike tooth or drag harrow with the teeth sloping slightly backward should 
be used, Where the seed is such as will flow through a drill the seeding 
and covering may be accomplished in one operation, and usually a better 
more uniform stand results if the seed is drilled than if it is broadcast. 
It is best to sow grasses, except a few like carpet and Bermuda-grass, in 
the fall, and seed the legumes on the surface in the spring.
Early spring seedings are frequently successful, but often it 
is difficult to get on the fields sufficiently early in the spring in 
the wet regions. Much earlier grazing is possible from fall seeding 
which is very desirable. Clovers and other legumes shoul be broadcasted 
on the grass seedings in early spring. This is particularly desirable on 
heavy clay soils, as generally the loss of legumes from heaving is much 
more severe than that of the grasses if seeded in the fall. Table 9,
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TABLE IX
SEED SIZE AND PLANTING RATE FOR PURE STANDS OF PASTURE 
LEGUMES AND GRASSES 79
Species : Number of 
: pounds per 
: Bushel
Number of 
seeds per 
pound
Seeding rate sown/ A
bounds
Drilled
Pounds
Rows
Barloy
Bermudagrass
: 1;8 15,780 50-100
. Hulled 1950,000 l- u
Unhulled
m
1300,000 5 - 10
Bromegrass 137,000 id- 15
Dallisgrass 275,000 uo- 15
Johnsongrass 120,000 20- 30
Oats' 32 12,000 1|5- 65
Orchardgrass 500,000 io -  15
Rescuegrass
Ryegrass
56,000 15- 30
Annual 225,000 20- 30
. Perennial 250,000 20- 30
Rye 56 29,250 60-  75
Sudangrass
60
51i,ooo 30- Uo
Wheat 111, 000 60-  75
Alfalfa 60 200,000 15- 20
Alsike clover 680,000 5 - 7
Berseem 
Bur clovor
l5o,ooo 10- 20
Hulled, 60 Ui5,ooo 10- 20
Unhulled 1|0,000 60-  80
Crimson clover
60
150,000 15- 20
White clover 
Yellow sweet
680,000 2- 5
clover (Ann.) 60 335,000 15- 25
Hubam clover 60 300,000 15- 25
Common lespedeza 25 3l|0,000 20- 30
Kobe lespedeaa 25 200,000 20- 30
Coniuon vetch 60 9,000 20- 30
Hairy vetch 
Chinese red bean
60 16,000 20- 30 
20- 35
6-  8 
3- 8
10-20
10-20
10-15
10-15
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Potts, R. C., Pasture Data (A Mimeograph Pasture Data book) 
College Station, Texas, Texas A. & M. College, 1950, 38 pp.
shows the seed size and planting rates for pure stands of pasture 
legumes and grasses in common seeding practices*
U* Inoculations for legumes
The question of inoculation and renovation usually comes up
wherever and whenever alfalfa and sweet clover, soybeans, red clover, 
peas, vetches, lespedezas, cowpeas, and many other legumes are planted 
for the successful stands and growth# The fundamental purpose of 
applying inoculation to the leguminous seeds, or to the soil before 
planting time, is to supply the organisms necessary to the growth of 
the nodules upon the roots of the growing plants* There are several 
reasons for this inoculation* First, the soil may not contain a large 
enough number of bacteria* Second, the bacteria life in the soil by a 
preceding crop may have lost their beneficial properties, i,e* their 
ability to fix nitrogen in symbiosis with the plant# Third, there is 
no easy, rapid test which can be used at the time of planting to determine 
whether or not the nodule bacteria are in the soil* The good effective 
culture of varieties of nodule bacteria, added to the seed at the time 
of planting will form nodules on the young legume plants and tend to 
keep the relatively ineffective bacteria of soil origin from infecting 
•
used in inoculating the seed, or the type of organisms found in the soil. 
Also the nodules may be formed upon the roots, the plant may not be 
benefited by the work of the bacteria because they do not make nitrogen 
available for the growing plant. This may account for failures when,
The quality of nitrogen fixed in the soil by the various legumes 
isrtain extent determined by the kind or strain of organisms
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apparently the Inoculation was successful. It has been observed that 
legumes inoculated with a strain of bacteria capable of producing nodules 
were not successful, but later the same variety of the legume was success­
ful when inoculated with a different strain of bacteria. This makes it 
necessary that plantings be inoculated with cultures that are known to 
contain the proper strains of bacteria, or that soil from fields or 
pastures when the same legume has grown successfully be mixed with the 
seed at the time of planting. These facts mean the actions of bacteria 
are grouped and certain bacteria is more efficient to the certain legumes 
than others.
The ability of utilizing gaseous atmospheric nitrogen and fixing 
it in their bodies in the form of complex organic and simple inorganic 
compounds is limited largely to two groups of bacteria. These include:
(l) The non-symbiotic bacteria which lead a free existence in the soil 
and obtain their energy from various organic compounds found in the soil, 
preferably sugars, higher alcohols, and organic acids, and (2) Symbiotic 
nitrogen fixing bacteria which live upon the roots of certain specific 
plants, namely the Leguminosae, in specialized bodies called nodules, 
and cause the fixation of gaseous nitrogen, whioh becomes available to 
the plants during their growth. These nodule-forming bacteria are also 
capable of leading an independent existence in the soil, their ability 
to fix nitrogen under this condition still obscure. It seems that while 
developing independently of the plants these symbiotic bacteria fix no 
appreciable quantities of nitrogen. Some other microorganisms are 
capable of fixing nitrogen in the soil, but neither the amount fixed 
nor the specificity of their nature can place them on an equivalent
7k
basis with the other two groups of bacteria.
Non-symbiotic nitrogen fixing bacteria belong to two groups:
(a) Azotobacter and (b) Clostoidium.
It is in the symbiotic nitrogen fixation which we are interested 
today. It has been known for a long time that the growth of leguminous 
plants such as clover, alfalfa, peas, or beans leaves the soil richer 
for the succeeding crops. The reason for this was not known, but many 
farmers recognized that the growth of such a crop was equivalent to the 
application of manure as far as the succeeding crop was concerned. It 
was toward the middle of the nineteenth century that it was discovered 
that this beneficial effect of a leguminous crop is due to an increase 
in the supply of soil nitrogen. By the end of the same century it was 
established that a minute bacterium is responsible for this process.
The bacterium was finally isolated in 1888 in pure culture by the Dutch 
bacteriologist, Beijerink and was named Bacillus radicicola. This 
organism causes the development of certain growths, called nodules, on 
the roots and in these nodules the fixation of nitrogen takes place.
Since the organisms are not contained within the seeds of the 
legumes they must enter the plant during its growth in order to produce 
their effects. Infection takes place through the root hairs, and the 
organisms appear to become attracted to these roots by- some substance 
which is excreted by the young roots. The infecting organisms are 
probably coccoid cells, either non-motile (preswarmers) or motile 
(swarmers). Once within the tissues of the roots the bacteria multiply 
rapidly at the expense of the food material of the plant. The mass of 
bacterial growth continues to pass through cells of the cortex of the
root in the form of a filament with many branches, called the infection 
thread or strand. The penetration of the microorganisms results in 
growth and multiplication of the inner cortical cells, which push out­
ward to form the young nodule. These cells, in turn, become incaged by 
the infection threads. As the nodule develops, vascular tissue which 
conducts nutrient materials in the plant grows outward into the nodule 
and favors active division of the plant cells. The plant cells at the 
base of the young nodules swell and become vacuolated and occupied with 
bacteria freed from the infecting strand.
The relationship between the nodule organism and the host plant 
has been called symbiosis. The plant produces carbohydrates and produces 
such food and other nutrients as to enable the bacteria to develop
extensively. The bacteria, through some unknown way, enable the plant
(
to derive nitrogen for its development through the transformation of 
gaseous nitrogen to fixed compounds. Whether the bacteria fix the 
nitrogen under the conditions existing in the nodule, or whether the 
plant fixes the nitrogen in the presence of bacteria, or whether both 
share equally in the reaction, is not known.
The nodules produced on roots of different legumes may be 
different in appearance, but the general shape is quite constant in 
any one species of plants. On some of the beans the nodules are large 
and spherical and rarely occur in clusters. Nodules on many of the 
clovers and alfalfa are small elongated swellings, branching or occurr­
ing in clusters. The nature of the plant and soil conditions affect 
the location of the nodules. Where the moisture content of the soil is 
low, as in semi-arid regions, nodulation may occur at a considerable
distance from the surface of the soil. The abundance and size of the 
nodules are good Indexes of the extent of fixation of nitrogen. VJhere 
the nodules are large and numerous, nitrogen fixation proceeds rapidly, 
where they are smaller and more scattered, fixation is much slower.
a. Effect of inoculation on the feed value of legumes. Legume 
crops are high in protein, and essential nutrient in feeds for livestock 
and the most costly to purchase in concentrates. If the nitrogen supply 
is low, the protein content of the plant will be low, and as more nitrogen
Oa
is available the plants become richer in protein. Albrecht says that 
hay from soybeans which were not inoculated contained 151 pounds of 
protein per ton, while the hay from the inoculated crop contained 298 
pounds of protein per ton.
In grazing pastures large amounts of green forage are removed 
from the soil each year. If the manure from the animals is returned 
to the lands, a greater portion of the nitrogen produced by legumes 
will be saved. If the manure is not returned, approximately two-thirds 
of the total nitrogen of the entire plant is taken away with the tops, 
since about two-thirds of the nitrogen is found in the tops and one- 
third in the roots. A greater amount is removed by grazing than would 
be removed, if the crops were cut for hay, because a greater total 
growth results from grazed crops than from crops cut for hay. The 
one-third amount of nitrogen in the roots represents about the amount
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Albrecht, W. A., "Inoculation of Legumes". Mo. Agr. Exp. - 
Sta. Bui. 282, 191*8. “
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supplied by the soil, and the two-thirds in the top, the amount supplied
8*Lby the air through root nodules.
As already pointed out, the quality of nitrogen fixed in the 
soil by the various legumes is to a large extent determined by the
82kinds or strains of organism used in inoculating or found in the soil. 
Although nodules may be formed upon the roots, the plant may not be 
benefited by the bacteria because nitrogen is not made available for 
the growing plant.
b. Factors that influence nodule production.
Air and Moisture
It may be said that a relatively high water content of the soil, 
but no actual water logging, is desirable for maximum nodulation and 
nitrogen assimination.
Light
By its function in photosynthesis, light is one of the agents 
indirectly affecting nodulation through its action upon the host plant. 
Temperature
The temperature most suitable for the host plant best promotes 
nodule formation. The optimum temperature is about 2U°C.^
Reaction
Any reaction at which the plant will grow will permit nodule 
^Albrecht, o£. cit., p. 76.
go
WfcSears, 0. H., and Clark, F. M. "Non-reciprocal Cross- 
Inoculation of Legume Nodule Bacteria.” Soil Sci. 30:237-Ul. 1930.
^Ludwig, C. A., and Allison, F. E., "Some Factors Affecting 
Nodule Formation on Seedlings of Leguminous Plants." Jour. Arner. Soc. 
Agron. 27:895-902, 1935. --------------
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formation. Reactions at or near neutrality are most favorable for 
normal nodulation and plant growth.
Fertilizers
Application of complete fertilizers has not produced noticeable 
harmful or beneficial effects on nodulation. Liming is beneficial by 
adjusting pH to desired levels.
c. Natural and artificial inoculation methods
Natural inoculation
(1) The soil method of inoculation. Land that has successfully 
grown legumes with proper nodule development upon the roots will serve 
as a source of inoculation for other soil that is to be planted to 
legumes of the same group. Soils to be used for this purpose should
be known to be free of undesirable-weed seeds and disease causing 
organisms. Soil to be transferred should be loose and in a condition 
that will permit it to be handled, and distributed with a minimum of 
time and expense. A half inch of the top soil should be removed and 
the soil intended for transfer taken from the first four or five inches 
below that and protected against the direct rays of the sun and drying. 
Air drying for a short period of time before application is desirable. 
Whenever possible applications should be performed just before rains 
are to occur. Broadcasting over the desired area is the method usually 
used. In America the soil inoculation method is not too frequently 
practiced.
(2) Dust method
This method consists of mixing the soil with the seed at the 
time of planting. For this purpose the soil should be collected from
7 9
around the roots and nodules of the desired leguminous crop and allowed 
to air dry. This dry soil is then mixed with moistened seed before planting.
(3) Soil paste or muddy-water method
A small amount of screened soil, known to contain the desired 
rhizobia, is stirred with water until there is a heavy suspension or 
cream-like paste. A mixture of about one quart of soil and one quart of 
water is recommended for a bushel of seed. The muddy water is then 
poured over the seed and thoroughly mixed with it so that every seed is 
coated. Allow the seeds to air dry and plant immediately. The soil used 
in the preparation of the muddy water should not be acid.
(k) Glue or sugar method
A strong glue solution, one pound of furniture glue to three 
gallons of water is prepared. Experience has shown that nine ounces to 
three gallons of water are sufficient. The seeds are moistened with the 
glue solution, then sprinkled with pulverized soil and mixed until each 
seed is coated with soil. About six to twelve pounds of soil will be 
necessary per bushel of seed.
Artificial or pure culture method of inoculation
It has been found possible to isolate nodule forming bacteria 
in pure culture. Nobbe and Hiltncr of Germany began the production of 
pure cultures on a commercial scale as early as 1897 and the USDA 
in 1902.®^
(1) The nitrogen culture
®^Lohnis, F.. and Leonard, L. T., "Inoculation of Legumes."
USDA Farmers1 Bui. 1U96, 1939.
Patented by Nobbe and Hlltner, the word nitragin means "to make 
active.” The substrate consisted of sugar, asparagin, and a water extract 
of leguminous plants. After sterilization, the jelly was planted with 
the bacteria and the culture allowed to grow. The jelly culture sold 
in eight to ten ounce containers sufficient for seeds to plant half 
an acre. The application of the culture to the seeds is similar to the 
natural soil application.
(2) Other similar products are in the market. Tests conducted 
in Wisconsin by Fred®-’ who pointed out that, if the pure cultures are 
carefully chosen and used, the use of artificial cultures of bacteria 
appears to offer the best way to meet cheap and positive results.
According to Fred, the value of a culture depends on at least five factors
(a) Upon the organism .
It is essential that the cultures of bacteria contain the proper 
organism to form nodules on the desired host plant. In general, it is 
desired to have only the one type of organism in each culture.
(b) Upon efficiency of the strain
Select an active strain of the desired organism.
(c) Upon the number of bacteria.
Just how many bacteria are required in order to produce the 
maximum number of effective nodules is not known. In general, an 
abundance of the bacteria, probably several thousands per seed, produces 
the best results.
8J>Fred, E. B., Baldwin, I. L,, and McCoy, E., Root Nodule 
Bacteria and Leguminous - Plants. Madson, Wisconsin, University of Wise.,
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(d) Upon age of culture
Old cultures may be low in total number of viable cells and 
those which are alive are presumably in a weakened condition.
(e) Upon culture medium
The substrate upon which the organisms are grown exerts a
i
profound influence on the number and efficiency of the cell. The 
preferred medium should be low in available nitrogen and contain a 
neutralizing agent, such as calcium carbonate, '•The following recommen­
dations give a general idea on inoculation:
(i) Inoculate the leguminous seed to be sown on all fields 
where the same crop, or a member of the same group, has not recently 
been grown.
(ii) Inoculate all leguminous seed which is to be sown on 
markedly acid soils.
(iii) Inoculate all leguminous seeds unless recent field 
tests show that the soil is abundantly supplied with effective rhizobia.
E. ESTABLISHING PRACTICES FOR SOME IMPORTANT 
PASTURE PLANTS IN KOREA
Each type of pasture plants should be established in its most 
suitable environment. The techniques of establishing some basic 
pasture plants follow:
1. Bermuda grass. Contrary .to general opinion, Bermuda grass 
must be handled just as carefully as any other grass when being 
established. The best results in planting Bermuda are usually secured 
by setting roots. Establishing by seeding is uncertain because of the 
difficulty of maintaining the necessary soil and water conditions for
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the length of time necessaiy for the tiny seed to germinate and grow.
Bermuda roots may be set either by sprigging or sodding. Sprigg­
ing is the setting out of relatively small pieces of roots that have 
been shaken free of dirt. Sodding is setting out whole chunks of roots 
that still have the dirt adhering. Sprigging is therefore easier and 
cheaper, but in either case the method is essentially the same. In 
getting the roots for sprigging, it will usually pay if possible, to go 
to sandy land where it grows and plow up the grass and shake off the 
dirt. After the roots are shaken, they should be placed in sacks, or 
if placed loose in a covered truck bed for protection from the sun and 
from excessive drying. For the best results the roots should be kept 
moist, and should be planted within 2b hours after digging.
A good method of establishing Bermuda is to plant in a shallow 
bed flatbroken land in three foot rows. The spriggs are then dropped 
in the middles at intervals or two or three feet, and pressed firmly 
into the ground with the foot, by rolling with a rubber-tired tractor.
The spriggs are then covered not more than two or three inches deep by 
rebedding, Bermuda roots may be set at any time during the year when 
moisture conditions are suitable, but the most satisfactory time is 
early in the spring while the grass is still dormant. In cases where 
the grass is set after the growing season starts, and the setting is 
followed by a three to four week dry spell, results may be poor.
2, Buffalo grass. Buffalo grass may be established either by 
sodding or seeding.
By sodding
The surest way of establishing buffalo grass is by chunk
sodding on a well prepared seedbed. Sodding requires a great deal of 
labor, but is a practical method for farmers who already have buffalo 
grass or can obtain sod nearby. Sodding can be done during the late 
fall, winter, and early spring, when more labor is available. The 
pieces of sod should be from four to six inches square and from three 
to four inches thick. Rows six feet apart should be opened with a 
sweep, with the dirt falling back into the furrow. The sod pieces 
should be dropped with roots down, at intervals of three feet. To 
keep-the sod pieces from drying out, dirt should be pulled around them 
with some implement, or with a hoe, care being taken not to cover 
completely the face of the sod. The sod pieces should be rolled then 
with a truck or rubber-tired tractor to firm the soil. Sodding should 
preferably be done while the grass is dormant.
By seeding
Buffalo grass may also be established from seed. Even in the 
United States until recently buffalo grass seed have not been available 
commercially, but improved methods of harvesting the low growing seed 
are now making them generally available. In the United States, the 
treated seeds that are soaked in a solution of potassium and then 
chilled for several weeks are recommended for farmers. The treated 
seed germination is much better and quicker than non treated seeds. 
Planting should be done in high bedded rows three feet apart. The 
seedburs may be planted with an ordinary corn planter. The plate used 
in planting corn will seed between five and seven pounds of burs per 
acre in three foot rows. This is about .the recommended rate for planting 
fairly clean treated seed in the bur. Seeds that have not been treated
or that contain considerable foreign materials should be planted at a 
somewhat higher rate. The depth of planting must not be more than one- 
half inch. Since seed planted in the bur are slow in germinating, and 
since the grass grows rather slowly during the first two or three months, 
frequent cultivation is necessary in the beginning to keep down weeds 
and prevent shading. If weeds appear cultivation should begin before 
the grass comes up, the beds being cultivated just as if the grass were 
there. In the early cultivations, fenders must be used on the cultivator 
to prevent the covering of the small seedlings. Cultivation should con­
tinue until the grass has begun to spread. Then weeds should be kept 
down by mowing or grazing.
3* Rescue grass. The most common method of establishing rescue 
grass is to seed it lightly an those parts of the pasture best adapted 
to its growth. This includes waste places, fence rows, bottomlands, 
and other exceptionally fertile soils. If the grass is established in 
these places, it will gradually spread to other parts of the pasture 
to which it is adapted. Seed should be drilled or broadcast in fall 
at the rate of 15 to 20 pounds per acre. Wherever possible, the seed 
should be drilled so that they are placed in or against the soil, as 
broadcasting by hand is very wasteful. All the common makes of ordinary 
grain drills will handle rescue grass seed satisfactorily.
U. White clover. White clover should be seeded after the 
base pasture grass has been established. An effective means of doing 
this is as follows:
Into a wagon or truck with com frames of similar sides on 
it, throw about 10 inches of barnyard manure and approximately one-half
sack of 20 per cent superphosphate. Mix the manure and phosphate well 
together. Then over the top scatter about one and a half pounds white 
clover seeds which have been well inoculated with commercial inoculant. 
Then using a scoop or shovel, mix the seeds in well with the layer of 
superphosphate and manure. Repeat this procedure, putting in another 
layer of manure and superphosphate, mixing adding seeds, and mixing 
until the wagon or truck bed is completely filled. About 200 pounds 
superphosphate and four to five pounds seeds will be required per wagon 
load of manure. Just before seeding, go over the grass area with a 
disk harrow with the discs set nearly straight so that they cut the 
sod but not turn it. Scatter the above mixture over the freshly disced 
ground in small clumps by hand or shovel, or by other means. Apply at 
the rate of about one wagon - load per acre. Then go over with a brush 
or section harrow to scatter the mixture and place it into contact with 
the ground. The best time for seeding is in late fall when the ground 
is fairly moist and when rain seems likely.
$, Lespedezas. Seed germination of lespedezas depending upon 
climatic conditions, and the main growth is made during midsummer, 
after the other pasture legumes have disappeared, and continues until 
fall. Lespedezas are very palatable and nutritious, and improves the 
quality of the pasturage at a time when the nutritive value of the grasses 
has decreased. In addition to improving the quality of the grazing, 
lespedeza being a legume makes additional nitrogen available for the 
growth of the grasses. A good stand of lespedeza is difficult to 
maintain where fertility and moisture conditions are favorable for a 
heavy growth of spring clovers because the earlier growth of the clovers
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shades out the lespedeza seedlings. Keeping the growth of clovers down 
to four or five inches in height during the time the lespedeza seedlings 
are getting started is helpful in getting a stand. Sometimes lespedeza 
is also crowded out by a dense growth of carpet grass. The addition of 
phosphate appears to increase the ability of lespedeza to compete in a 
carpet grass sod, Lespedeza may be sown at any time in early spring. 
Broadcasting, without covering, will normally develop satisfactory stands 
when sown on permanent pastures, idle land, or on fields previously 
planted to fall grain. When the seeding is made in late spring, same 
method of shallow covering should be used. Late spring should generally 
be avoided. In the United States, lespedeza is frequently established 
with spring sown oats. On a well prepared seedbed the lespedeza may be 
shallow drilled directly with the oats seed. It also may be broadcasted 
ahead of the grain drill, or be broadcast after the oats have been sown 
and covered. Enough rain following broadcasting on a freshly prepared 
seedbed will insure sufficient coverage. To obtain normal yields of hay, 
pasture or seed in the first year, 25 to 30 pounds of good quality seed 
should be sown per aore. This rate is based on unhulled seed of the 
Korean variety. Somewhat heavier rates may be desired where varieties 
of Kobe or common are being sown. From 10 to 15 pounds per acre will 
be sufficient to insure, along with volunteer reseeding, a full stand 
in the second season.
CHAPTER IV
MANAGEMENT PRACTICES
There is nothing more important in a pasture program than proper 
pasture management. A farmer may prepare his land well and do a good job 
of seeding or sodding, and still fail to get a good cover of desirable 
pasture plants unless he manages his pasture well.
After a pasture has become firmly established, proper management 
practices such as control grazing and regular applications of fertilizer 
to replace the plant food removed from the land in the form of animal 
products will keep the pasture in good condition and productive for a 
long period.
The techniques of applicating fertilizers to pasture plants, 
mowing or grazing, and other minor practices of pasture management, are 
to promote the physiology and growth behavior of pasture plants so as to 
produce most economical, desirable, and nutritious feed for livestock.
A. RESPONSE OF PASTURE PLANTS TO DEFOLIATION
1. Root reserves and regrowth. New vegetative growth of per­
ennial plants is produced at the expense of previously stored organic 
foods in the stored organs of the plants. Most pasture plants produce an 
entirely new plant system each season and the early new growth for such a 
system is also produced at the expense of previously stored organic foods 
in the storage parts of the plants. Therefore, in general, early spring 
is a critical period in the growth of established perennial grasses. As 
the food reserves stored in the roots and lower stems the previous fall
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are exhausted, further growth depends on plant food produced In the new 
leaves. Too early grazing of these leaves will weaken the plant. If such 
grazing occurs for several years, the plant will starve and die.
The food storage in the pasture plants is stimulated after the 
vegetative growth is decreased or after reproduction takes place. In 
food reserving behaviors of pasture plants, it is observed that one group 
of pasture plants such as bluestero, Angleton grass, Indian grass, and red 
clover matures only once a year and another group like Bermuda grass, 
Buffalo grass, carpet grass, bluegrama, and Johnson grass mature periodi­
cally. Perennial pasture plants in many cases the roots are responsible 
for storing the organic reserve foods. In other words, in mature plants 
that produce an entire new plant system each season, the reserve food is 
stored in basal portions of the plants and then utilized when new top 
growth is produced.
In perennial pasture plants with tap roots or any other storage
organs, the percentage and quantity of these organic foods will decrease
with the new production of top growth and rise with the increase of 
maturity of top growth. The amount of this new top growth depends largely 
upon the quantity of previously stored organic foods in the storage organs 
of the plants elaborated by the previous top growth. Table X shows the 
relationship of top and root growth on dates indicated. Plants were
planted November £, 19l*9, on Brazos Bottom land, Texas, and fertilized
with 300 pounds per acre of 20 per cent superphosphate.
87potts, op. cit., p. 71-
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TABLE X
SUMMARY OF ROOT-TOP STUDIES AT BRAZOS RIVER VALLEY LABORATORY, 
COLLEGE STATION, TEXAS, 19b9-50. PUNTED NOVEMBER b, 191*9.88
3/21A0 5/9/50 * 7/5/50 : tfotai
Crops ftjps :Roots : Tops rlRoots : Tops :Roots : Tops :Roots
Hubam clover 
Madrid clover 
Evergreen 
Alfalfa
■ Ibs/A t lba/A t lbs/A r lbs/A
3020 678 : 3952 950 : : 697b 1628 
2262 1821* I 3U70 2891* : 3958 23b8 : 9690 7066 
7b7 962 : 2027 2115 : 3830 1798 : 660b b775 
1761 723 : 3092 1507 : b292 1721 : 91b5 3951
Many pasture plants kept vegetative during the growing season 
show a more rapid vigorous spring growth In the following season.
However, those pasture plants which mature too rapidly during the previous 
season will be slow in producing new vegetative growth on pasture plants 
is associated with a narrow carbohydrate-nitrogen relation in the top 
growth. As the relation widens, production of new vegetative top growth 
first decreases and then increases after root growth takes place. After 
the pasture plants pass into the reproductive or flowering stage, they 
cease to produce more vegetative plant parts. In other words, the trans­
location of organic foods to storage organs of the pasture plants occurs 
after the leaf development of the plants is of sufficient quantity and 
maturity to synthesize food beyond the growing needs of the plants.
Cutting the top growth of such plants removes the reproductive parts and 
will revert the plant to a vegetative growth again.
88Clark, Harvey, "Root-Top Studies at Brazos River, Texas." 
Texas Agr. Exp. Sta. Unpublished Data, 1950
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In the behavior of reserving foods, the Increased carbon assimi­
lation in pasture plants is mainly attributed by stimulated photosynthetic 
activity and is associated with increased enzyme action. This action is 
stimulated by the applications of plant nutrients. This augmentation in 
carbon assimilation lags behind increase in chlorophyll content of the 
pasture plants.®^
B. DEVELOPMENT OF CHEMICAL COMPOSITION IN PASTURE PLANTS
1. Effect of growth stages and kinds of species of pasture plant 
on chemical composition.
The pasture plants that are kept more vegetative show a more 
efficient utilization of minerals and total nitrogen. Fertilization with 
nitrogen and mineral materials stimulate growth and aid the plant's 
metabolism, but the greater portion of the plant's makeup must be elaborated 
by the plant itself through its photosynthetic mechanism.
The application of nitrogen will stimulate the plants into vigorous 
growth during the first stage of growth and that causes the use of more 
organic food previously stored instead of building of any additional 
nitrogen. After this early stage of growth, the protein content increases 
gradually until the plant approaches and reaches maturity. Frequently and 
properly cut pasture grasses may produce less dry weight of top growth, 
but a greater percentage of nitrogen and minerals in the forage produced.
®?Graber, L. F., "Food Reserves in Relation to Other Factors 
Limiting the Growth of Grasses." Plant Phys. 6: Ii3-71, 1931.
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TABLE XI
INFLUENCE OF GROWTH STAGES ON CHEMICAL COMPOSITION90
Alfalfa Per Cent 
Protein
Bermudagrass Per Cent 
•Protein
Per Cent 
P205
Prebloom stage 21.9 Young stage 11.0 .I4I
Initial bloom stage 20.3 Bloom stage 7.0 .33
l/lO bloom stage 19.2 Mature stage 5.0 .21*
1/2 bloom stage 18.9
Full bloom stage 18.3
Seed stage Hi.O
Potts^ made a study as shown in Table XI. on yields per acre, 
per cent phosphoric acid (P205), and protein by species without regard to 
treatment. According to his study, the ability of synthesizing chemical 
composition by plant vary depending upon the kinds of plant species.
9Qpotts, og. cit., p. 71.
^Potts, R. C., "The Yields Per Acre, Per Cent Lime, Per Cent 
Phosphoric Acid and Protein by Species without Regard to Treatment in 
191*6." Unpublished Ph.D. Dissertation. Agron. Dept. Neb. Univ., 1950.
TABLE XII
HELD PER ACRE AND COMPOSITION OF COMMON GRASSES 
WITHOUT FERTILIZER TREATMENT, 191*6
June
18
Aug.
8
Sept.
12
Nov.
12
Yield Tons Total
Yellow Beardgrass 0.07 1712-------- 3.81* 0.97 l.o o
Blue Panic 0.37 0.81 0.39 0.67 2.21*
Johnsongrass 1.65 1.57 0.51* 0.00 3.76
Ribbed Paspalum 0.17 0.55 0.32 0.1*5 1.1*9
Common Bermuda-grass o.5b 0.31* 0.20 0.38 1.1*2
Dalllsgrass 1.76 0.51 0.67 0 .1*2 3.36
Coastal Bermuda-grass 0.67 0.57 0.35 0.36 1.95
Stargrass 0.1*3 0.37 0.26 0.36 1 .1*2
Per Cent Lime
Yellow Beardgrass 0.51 o7G7 o75o 0.37 0 .1*1*
Blue Panic 0.59 0.60 0.77 0.1*3 0.60
Johnsongrass 0.59 0.69 1.01 0.00 0.76
Ribbed Paspalum 0.81* 0.79 0.93 1.01* 0.90
Common Bermuda-grass 1.38 0.79 0.90 0.87 0.98
Dallisgrass 0.36 0 .1*6 0 .1*8 0.75 0.51
Coastal Bermuda-grass 0.97 0.55 0.69 0.89 0.77
Stargrass 1.85 0.69 0.78 0.69 1.00
Per Cent P205
Yellow Beardgrass 0.1*8 0750 ----OT5 0.37 0.1*3
Blue Panic 0.57 0.1*9 0.6 9 0.73 0.62
Johnsongrass 0.36 0.36 0.65 0.00 0.1*6
Ribbed Paspalum 0.57 o.5b 0.65 0.56 0.57
Common Bermuda-grass 0.1*9 b.51* 0.62 0.56 0.55
Dallisgrass 0.39 0 .1*6 0.55 0.1*5 0 .1*6
Coastal Bermuda-grass 0.1*9 0.1*9 0.51* 0.55 0.52
Stargrass 0.1*9 o.5U 0.65 0.62 0.57
Per Cent Protein
Yellow Beardgrass 10.59 <757 tibt” 7.10 7.99
Blue Panic 9.71 5.95 10.93 12.1*9 9.77
Johnsongrass 5.98 6.32 11.68 0.00 7.99
Ribbed Paspalum 9.72 6.27 9.30 10.20 8.87
Common Bermuda-grass 8.21 7.27 11.68 10.22 9.3U
Dallisgrass 5.01 5.96 7.73 10.50 7.30
Coastal Bermuda-grass 7.37 6.59 9.98 11.1*3 8.81*
Stargrass 9.21 8.77 13.15 11.07 10.55
I
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2. Effect of soil types and fertilizers on chemical composition 
in pasture plants.
Praps and Fudge9  ^found that the chemical composition of several 
species in East Texas varied with the soil types upon which they grew. 
The composition is rather closely correlated with the chemical analysis 
of the soils of this region.
TABLE XIII
RELATIONSHIP BETWEEN SOIL TYPES AND CHEMICAL COMPOSITION 
OF PASTURE PLANTS HARVESTED AT YOUNG STAGE.93
Per Cent Per Cent
Gulf Texas Protein P205
Hockley (sandy loam soil) 8.6 0.10
Lake Charles (clay loam soils) 9.5 O.lli
Since the chemical composition of pasture plants varies with soil 
types which vary in mineral composition, we might expect that various 
fertilization practices will also have considerable effect on the chemical 
composition of pasture plants. In studying the effect of fertilizing 
grasses, we must remember that the chemical composition varies within a 
single plant from the early growing stage to maturity.9*1 Phosphorous
92praps, G. S., and Fudge, J. F., "Phosphoric Acid, Lime, and 
Protein in Forage Grasses of the East Texas Timber Country." Soil Sci. 
Soc. of Am. Proceedings.' 2: 3U7-51** 1937. >
93potts, og. cit., p. 69.
9**Fraps and Fudge, loc. cit.
and protein percentages tend to decrease as the plant approaches maturity, 
while calcium content remains more or less constant or rises slightly.^
On fine sandy soils in Florida, the growth is primarily stimu­
lated by the application of nitrogenous fertilizers, but when lime and 
nitrogenous fertilizers were added, no appreciable change occurred in 
the nitrogen content.Cooper^? and others found that lime would increase 
the nitrogen content of carpet grass in pasture plots if no nitrogenous 
fertilizer was used. However, if nitrogenous fertilizers were added with 
the lime, the percentage of nitrogen decreased.
On acid soils whose pH was 5.3, carriers- of nitrogen which were 
physiologically neutral or alkaline caused higher contents of nitrogen in 
the plant material than acid carriers and the protein content increased 
25 per cent following the application of superphosphate.
On organic soils in the Everglades of Florida, the response to 
the nitrogen in 500 pounds of 6-6-12 fertilizer was nil over a seven-year
^Fraps and Fudge, oj>. cit. p. 93•
^BlaBer, R. E., and Stokes, W. E., "Effect of Fertilizer on 
Growth and Composition of Carpet and Other Grasses." Fla. Agr. Exp. Sta. 
Bui. 390, 19U3.
9?Cooper, N. P., et al., "Chemical Composition of Clippings of 
Carpet Grass from Pasture Plots Receiving Various Fertilizer Treatments." 
Soil Sci. Soo. of Am. Proceedings. 2: 3^8-8, 1937.
98' Brown, B. A., "The Chemical Composition of Pasture Species of 
Northeast Region as Influenced by Fertilizers." Am, Soc. Agron. Jour.
32: 256-65, 19l;0. ----
period.^? These soils contain from 3*0 to 3.5 per cent nitrogen, 
and the environment is such that nitrification of nitrogenous material 
can be carried on sufficiently fast to supply all the nitrogen needed to 
balance this amount of the other elements. The application of minor 
elements such as manganese, copper, and zinc tended to increase the 
nitrogen content to a limited extent. On the other hand, the application 
of 60 pounds of potash per acre caused a nine per cent decrease in the 
nitrogen content of Dallisgrass. The total yield of forage was increased 
100 to 600 per cent. In the same experiments, UO pounds of phosphoric 
acid added to the above potash treatment raised the nitrogen content 
four per cent.-1-0®
Liming of soils in the Northeastern parts of the United States 
increased the availability of phosphorus in the soil. Bermuda-grass 
responded relatively little in phosphorus content to applications of 
phosphorus fertilizers in the same area.10^ Superphosphates cause the 
great improvement in nutritional characteristics of the forage in the 
Northeastern parts of A m e r i c a . An increase of 50 per cent in 
phosphorus content was obtained from superphosphate. Neutral or basic 
carriers of nitrogen decreased the phosphorus content of grass grown on
^Neller, j. R., and Duane, A., "Yield and Composition of 
Everglades Grass Crops in Relation to Fertilizer Treatment." Fla, Agr. 
Exp. Sta. Bui* 338, 1539.
109loc. cit*
1°1l o c. cit.
acid soils.
An application of 60 pounds of potash decreased the phosphorus 
content of Dallisgrass 32 per cent on organic soils in F l o r i d a . T h e  
above treatment augmented by 1*0 pounds of phosphoric acid, increased the 
phosphorus content four per cent. It was found that 30 pounds of 
phosphoric acid per acre per year were needed to maintain pastures in the 
Everglades, On "mineral” soils in Florida, fertilization with 73 pounds 
of nitrogen per acre caused a decrease in phosphorus content. The 
omission of phosphorus in a fertilizer, resulted in a definite decrease 
in the phosphorus con tent,
The addition of sulfur on alkaline soils increases the availa­
bility of phosphorus to some e x t e n t . T h e  minor elements increased the 
content of phosphorus in the plants but decreased the yield a little.
The phosphorus content of carpet grass was increased markedly by the 
application of superphosphate.^ ®
•^Brown, B. A., and Hollowell, E. A., "The Chemical Composition 
of Some Pasture and Hay Plants as Affected by Soils and Fertilizers." 
Soil Sci. Soc. of Am. Proceedings. 5* 131-9* 191*0.
10^££.
•^Blaser, op. cit, p. 9^ .
106Brown and Hollowell, op. cit., p. 96.
■^Neller Duane, op. cit., p. 95,
T oft
Cooper and et al., og. cit., p. 9 ,^
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The calcium content of bent and bluegrass in Rhode Island was 
increased more by neutral or alkaline carriers of nitrogen.Sodium 
nitrite tends to depress the calcium in Poa pratensis, and a depressing 
effect is also caused by growth of white clover.^ -0 The application of 
superphosphate causes an increase of calcium content in forage because of 
the calcium sulfate present.
Fine sandy soils in Florida responded to liming with an increased
calcium content in the forage crops produced. On the same soil heavy
nitrogen application caused a decrease in calcium content over unfertilized 
g r a s s . L i m i n g  increased -the calcium in carpet g r a s s . A s  the amount 
of nitrogen fertilizer is increased, the calcium content decreased in 
permanent pastures in Connecticut.-^ Brown and Hollowell-1^  found that 
the calcium-phosphorus ratio was 1 s 1 in Poa pratensis which was limed 
and phosphated, while the one limed but non-phosphated grass of the same 
species was 3 : U. Brown-^ further found that the ratio varied from 1 : U
iO^Brown, og. cit., p. 9^ .
l^Brown and Hollowell, op. cit., p. 96.
^•Blaser, og. cit., p. 9^ ,
•^Cooper, og. cit., p. 9JU.
•^Brown, B, A., and Munsell, R. I., "The Effects of Fertilizers 
on Grazed Permanent Pastures." Storre Agr. Exp. Sta. Bui. 19h3»
■^Brown and Hollowell, og. cit., p. 96.
^Brown, og. cit., p. 9I1.
In grass on plots with complete fertilizers to 2 : 9 ior grass which was 
grown under the same conditions but less phosphate application. The 
more complete the fertilization the narrower is the calcium-phosphorus 
ratio.116
Nitrogenous fertilizers containing sodium increase the potassium 
content of the plants, presumably by replacing the potassium ions on the 
colloidal fraction.^ The same fertilizers containing calcium tend to 
depress the potassium. On the soils of low fertility, heavy applications 
of nitrogen depressed the potassium salts of grass and will result in an 
increase of this element in the plants because there is a luxury con­
sumption of potassium by most plants.11® Potassium content of bluegrass 
was depressed by excessive applications of ammonium sulfate on Illinois 
soils. Superphosphate increased the potassium content in bluegrass and 
timothy, and depressed it in redtop and orchardgrass.11  ^ Brown and 
Munsell found that potassium content was insignificantly affected by 
fertilization on Charleton fine sandy loam in Connecticut.1^° It is 
interesting to note that although sodium is not a nutrient element in 
plants, there is more sodium present in the plant tissue than any other 
metallic ion except that of potassium.1 1^ Fertilization with potassium
ll6Brown and Munsell, op. _cit., p. 97,
^^Brown and Hollowell, op. cit., p. 96.-
ll6Brown and Hollowell, op. cit., p. 96.
Snider, H. J., "Chemical Composition of Hay and Forage Crops." 
University of Illinois Agr. Exp. Sta. Bui. 518:278-92, 191*6
•^Brown and Munsell, op. cit., p. 97,
•^^ooper, et al., og. cit., p. 9I1.
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caused an increase of sodium in plants over a twenty-year period in 
Connecticut. ^22 This may be due to the fact that the potassium ions are 
held more closely to the clay particles and the displaced sodium ions 
are available for absorption by the plants.
In the Northeast parts of the United States, lime tended to 
increase the magnesium content of carpet grass, while on sandy soils in 
Florida, lime did not alter the magnesium content of the grass appreci­
ably.-^ Fertilization with superphosphate did not affect magnesium 
content very rauch.12^ On the other hand nitrogen fertilizers containing 
sodium increased it.^^ A combination of superphosphate and lime increased 
the magnesium of forage in Connecticut.
Iron content does not vary appreciably with lime treatment, but is 
decreased about $0 per cent by superphosphate. Silicon, aluminum, and 
manganese are affected the same way while chlorine remains unchanged.^2  ^
Liming decreased the manganese content 1*0 per cent in Connecticut, and
complete fertilization tended to decrease the amount of silicon, iron,
128and aluminum. There was a higher absorption of manganese from acid
3-22Brown and Munsell, op. cit., p. 97 . 
l23]31aser, Cooper, et ai., o£. cit., p. 9k #
12^ Brown, ojo. cit., p. 9^ ,
125srown and Hollowell, op. cit., p. 96 .
126Brown and Munsell, op. cit., p. 97.
•^Cooper, et al., o£. cit., p. 9^
-*-2®Brown and Munsell, op. cit., p. 97
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129soils. Boron does not seem to be a limiting factor in the production 
of grasses.
3. Effect of nitrogen and moisture on chemical composition in 
pasture plants.
The yield and protein content of the pasture plants is closely- 
correlated with the supply of nitrogen and available moisture for the 
pasture plants.
'When neither nitrogen and moisture are limiting factors, the yields 
and protein content in the pasture plants will be higher. If moisture is 
limiting factor, the yield of pasture plants will be low and protein con­
tent is higher. When the supply of nitrogen fertilizers is limiting factor 
and not the moisture, the yields of pasture plants will bo higher and the 
protein content lower. When moisture and nitrogen supply are limiting 
factors, the yields and protein content in the pasture plants are lower. 
Table XIV shows the effect of climate on chemical composition of short- 
grass of prairie grasses at Manyberries Station, Canada (1929-1938).
TABLE XIV
EFFECT OF CLIMATE ON CHEMICAL COMPOSITION OF SHORTGRASS OF 
PRAIRIE GRASSES AT MANYBERRIES STATION, CANADA
t Average chemical composition in medium dry and favorable
Constituents years
Leaf stage Flowering stage Seed stage
Medium
Dry
Favorable Medium :Favorable 
Dry s
Medium :Favorable 
Dry :
Crude protein 
Crude fiber 
Total ash 
Calcium 
Phosphorus
“TB.’H
2U.3
8.95
0.1*02
0.251
' T O "  " 
26.3 
9.96 
0.1*10 
0.278
io.6 : l6.f 
32.U s 35.7 
6.32 : 7.18 
0.278 : 0.26 
0.176 j 0.231*
1.1 : 1.6 
32.7 : 3U.7 
6.36 : 7.21* 
0.333 : 0.270 
0.130 j 0.153
129purviSj £. R., "The Present Status of Boron in American 
Agriculture." Soil Sci. Soc. of Am. Proceedings, 1*: 316-21, 1939.
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C. PRACTICES OF LIME, COMMERCIAL FERTILIZER, AND BARNYARD
MANURE APPLICATION.
For the best results with fertilizers, other factors such as well 
prepared seedbed, good stand of plants, absence of diseases and insects, 
adequate moisture, and good cultivation should be favorable. Good crop­
ping systems with legumes generally aid in a favorable response of crops 
to fertilizers. The majority of cultivated soils in west-south Korea 
show deficiency in calcium, phosphorus and nitrogen. Phosphorus and 
nitrogen show a significant deficiency in most areas except in northern 
soybean production r e g i o n . -^O Very little research has been done in 
determining to what extent these deficient elements should be added to 
the soil. It has, however, been definitely shown that these elements are 
essential in increasing the production of desirable cultivated plants.
In such regions the minerals such as calcium, phosphorus, and potassium 
must be supplied before much response can be expected from the application 
of commercial nitrogen. Application of barnyard manure will hold and 
protect available moisture and fertilizers from the leaching.
In practices the fertilizer is usually applied at the time of 
planting or just before planting. Mixed fertilizer should not be in 
contact with the seed. It is best placed in a band two or three inches 
on one or both sides and two or three inches below the seed. Fertilizer 
should be placed in the soil and not spread on the surface for the best 
results. Side dressing of growing pasture plants with nitrogen is 
expressed in terms of pounds of actual nitrogen applied per acre. These
^%izu, o£. cit., p. m.
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may be converted into pounds of fertilizer by considering the percentage 
of nitrogen in the fertilizer. For example, 30 pounds of nitrogen per 
acre for side dressing may be obtained from approximately 100 pounds 
of ammonium nitrate containing 33 per cent nitrogen, 150 pounds of 
ammonium sulfate containing 20 per cent nitrogen or approximately 200 
pounds of sodium nitrate containing 16 per cent nitrogen.
Application of superphosphate or phosphate in Korea is usually 
the most profitable, because it will cost less than other mineral ferti­
lizers. This practice will encourage legume growth, thereby contributing 
nitrogen to the grasses. In cases of calcium deficiency an acidity test 
should be made to determine the requirement of lime fertilizers.
Lespedezas are less sensitive to the acid soils and therefore they 
may well replace the clovers reducing the amount of lime application.
According to the experiments made at many experimental stations 
in the United States, both lime and phosphate are believed to be more 
effective when they are placed in the soil rather than applied on the 
surface of the ground. Table XV shows the effects of superphosphate at 
different depths on yielding of pasture plants.
TABLE XV
COMPARATIVE YIEMS OF SORGHUM AND THE SUDANGRASS.WITH 
SUPERPHOSPHATE AT THE DIFFERENT DEPTHS1-31
Sorghum______________ Sudangrass
Treatments : Plat : weight
Increase 
over no 
treatment
Plat
weight
Increase 
over no 
treatment
: Pound Per cent !Pound ]Per cent
No treatment x U.5 — 5.6 —
On surface : Iu3 0.0 7.6 35.6
Mixed l/2 inch deep : 7.0 55.5 9.k 67.8
Mixed 3 inches deep : 12.0 166.5 12.6 12S.0
Mixed 6 inches deep * 9.5 111.0 12.2 118.0
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TABLE XVI
EFFECTS OF PHOSPHATE, PLACEMENT ON GROWTH, NITROGEN AND 
PHOSPHORUS CONTENTS OF SWEETCLOVER3^ 2
Phosphate
treatment
Dry matter 
production Nitrogen content Phosphorus content
Pounds per 
acre
Pounds per : Per cent 
acre :
Pounds per : !Per cent 
acre :
Tops :Hoots Tops :Hoots :Tops :Hoots Tops sHoots :Tops :Roois
None
Broadcast
Banded
1 9 5 6 1 5 8 5  
3681 : 2033 
U751 : 2518
1+7.0 : 35.2 :2.i+I+ : 2.09 *2.35 * 1.57 *.123 •* .093 
90.8 : 1+2.6 +2.1+7 : 2.10 :5.71 : 3.23 :.l55 : .155 
117.U* 55.2 +2.1+7 : 2.17 *8.1+5 I 5.12 1.178 : .203
In case of a deficiency of nitrogen, barnyard manure will furnish
considerable nitrogen, increase capacity of holding available moisture, 
and protect from loss of plant nutrients by leaching.
TABLE XVII
RELATIONSHIP OF FERTILITY LEVEL AND WATER REQUIREMENT FOR CORN133
Character of : Pounds of moisture required per pound
soil : of dry matter
: Without manure : With manure
infertile : 1+63 325
Intermediate : 381+ : 308
Fertile : 327 : 298
3-33Midgley, A. R., "Comparative Yields of Sorghum and Sudangrass 
with Superphosphate at Different Depths at Soil pH 6.6," Jour. Am. Soc. 
Agron. 23: 788-799, 1931.
^^Johnson, J. R., "Effects of Phosphate and its Placement on 
Growth and the Nitrogen and Phosphorus Contents of Roots and Tops of 
Sweet clover." Misc. Publication No. 65, Central Blacklandj Texas, 1950.
■^^Potts, og. cit., p. 71.
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Frequent or heavy applications of nitrogen fertilizers usually
*1 ^ 1
result in a gradual disappearance of the legumes as shown in Table XVIII.
TABLE XVIII
FERTILIZER TEST, CLEVELAND, TEXAS. PERCENTAGE GROUND COVER 
OF VARIOUS SPECIES. OCTOBER 25, 1930.
Pounds per 
acre with 
nitrogen
Mean percentage ground cover
Dallis
grass
:Bermuda:Carpet : Lespe 
:grass :grass : deza
White 
:clover
jWeeds
•
9
:Total Vege 
station
0 9.3 s 19.7 : i|.5 : l'B.6 j .3d : 1+.2 : 57.^
60 U*.3 : 22.1+ : 5.9 : 8.1+ : .19 : 3.U : 51|.5
120 17.9 : 23.7 i 7.2 : 2.8 : .06 : 3.8 : 55.1l
180 19.5 : 2U.1+ : 5.5 : 1.3 : .10 : l+.l : 5U.8
The mineral fertilizers, limestone, and barnyard manure can be 
applied in the fall and winter and early spring. However, commercial 
nitrogen fertilizer should be applied about two weeks before increased 
growth of pasture plants because it results in a quick stimulation of the 
growth and is lost rapidly from soil by leaching. Early applications may 
make it possible to begin grazing about two weeks earlier than could be 
done on unfertilized pastures. Applications of nitrogen are rarely 
effective to a maximum except in the presence of adequate soil moisture. 
The application of commercial nitrogen fertilizers when available moisture 
is strictly limited, will plasmolized the pasture plants.
When barnyard manure is used for pastures, it should be spread 
lightly and uniformly on the whole pasture, preferably in the fall.
Mixing phosphatic fertilizers with the barnyard manure is a good practice.
13Upotts, og. cit., p. 71.
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In the United States properly spaced shade trees and shelters 
are seen on many pasture land on the higher portions of the field, because 
with good pastures the animals do not graze more than one-thirdi of the 
time. -^35 The rest 0f the time is spent lying or standing in the shade 
fighting flies. Hence, much of the manure of grazing animals is not voided 
on the land that produced the pasture. If the manure produced while the 
animals are not grazing is deposited on the top of the hills, its bene­
ficial effects on the pasture plants may be noted for several yards down 
the hillsides. In the United States it seems that a good practice on old 
pastures where there are relatively few desirable pasture plants, it is 
often better to plow, fertilize, and reseed the land than to attempt to 
renovate the pastures by applying fertilizers alone.
D. MOWING PRACTICES 
Timely mowing is an absolute essential in establishing and 
Improving pastures which will produce high yields of high quality pasture 
plants. The chief purposes of mowing are controlling weeds and brush, 
improving the quality and yield of grazing, and equalizing the utilization 
of all parts of the grazing area. Mowing for this purpose is especially 
needed during the first year of pasture establishment, as the application 
of fertilizer stimulates the growth of many types of weeds and sprouts 
as well as that of the pasture plants. Mowing at this time also hastens 
the spread of the pasture plants more than weeds, as generally pasture 
plants will dominate when they have favorable soil conditions.
^^USDA Pasture Handbook, oj>. cit., p. 3.
Once the pasture is well established the dense sod of the 
desirable pasture grasses and legumes will help smother out many kinds 
of weed seedlings. Mowing will also be needed to prevent the spread of 
these seedlings that succeeds in coming through the sod. Timely mowing 
does not mean "just mowing.1’ To be effective, good mowing must be done 
at the time when it will accomplish the purpose it is intended for. In 
controlling annual weeds, mowing should be done to prevent the formation 
of seeds. In most cases this means that mowing should start when the 
weeds begin flowering. With bitterweed, however, mowing should start 
when the blossoms begin to form rather than when they begin to open, for 
at the latter stage the seeds are already developed sufficiently to 
germinate. In destroying perennial weeds which produce underground parts 
or which live from year to year, mowing should be done frequently enough 
to keep the weeds in the early stages of the growth so that they will 
exhaust rather than replenish the material stores in the underground parts. 
In the eradicating sprouts and brush, frequent mowing is also essential, 
both to exhaust their underground food supply and to keep their above­
ground growth from becoming too tough for cutting with a mower. In 
certain persistent cases of weeds, sprouts, or brush, some hand cutting 
and grubbing may be necessary to hasten or complete the final stages of 
eradication. No definite rule can be set as to the number of mowings 
needed each year. Ordinarily, a pasture should be mewed at least three 
times a year for the first two or three years, and at least twice a year 
thereafter. Sometimes as many as four or five mowings may be desirable 
for the first year. Perennial weeds usually require more frequent mowings 
for two to three years and sprouts and brush for even longer periods. In
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any case the actual number of mowings should be determined by the needs 
of the particular pasture. In order to protect the spreading of weed 
seeds over pasture land, it is advisable that farmers should keep a few 
sheep and goats in their cattle pastures because of their tendency to eat 
weeds and shrubs. They are very efficient in keeping down many trouble­
some weeds.
The mowing practices improve the quality and yield of pasture and 
will make the grazing more succulent, palatable, and nutritious. This is 
especially true for the grasses. Bermuda-grass when grazed or mowed so 
that it is kept in a leafy stage has nearly twice the protein and phospho­
rus, and one and one-half times the lime content of Bermuda-grass that has
been allowed to reach the seeding stage. Keeping the pasture plants
young and growing also increases the amount of grazing from five to fifty 
per cent. Grazing alone can not be depended upon to keep all parts of 
the pasture in a growing, succulent conditions. During the spring season 
when pasture growth is most rapid, livestock will often be found to
obtain their food from less than half of the available pasture area, and
if allowed to do so, they will continue to return to the same parts of the 
pasture throughout the season overgrazing these parts and leaving the tall 
growth in other parts ungrazed. However, pasture should not be mowed or 
grazed too early in the spring, as in most areas of Korea during this time, 
the soil is usually soft because the snow and frost have so recently 
disappeared.
If the attempt is made to keep enough livestock to keep the spring 
growth closely grazed, the pasture is likely to be seriously overgrazed 
when the growth is less rapid. It is better, therefore, to depend upon
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mowing when needed to keep all parts of the pasture in a growing, 
attractive condition, and to utilize the mowed forage as cured hay for 
winter use. If rains set in so that curing is not possible, the grass 
may be used as silage where silos are available.
E. GRAZING PRACTICES
Grazing practices can undo many of the benefits of pasture seeding 
and fertilizing. The desired yield and quality of pasture forage can be 
secured and maintained only when grazing is properly controlled.
1. Considerations in grazing practices. The main objectives of 
grazing are, aside from high production, to use the pasture plants when 
they are most nutritious and uniform seasonal production at a time when 
they are most needed. To realize these purposes the pasture plants should 
be kept in succulent and most palatable state. As the pasture plants 
increase in age, the fibrous material increased the percentage of nitrogen, 
phosphorus, and the potash decreased. Generally, the tender growth shows 
a much higher protein content, and is more readily digestible. The 
following diagram shows the relationship of age of pasture plant and the 
percentage of nitrogen, phosphorus, and potash content, and the most 
suitable time of grazing. In the grazing practice it should be remembered 
that the pasture plants should be grazed or mowed so as to leave suf­
ficient residual leafage to elaborate organic foods for continuous 
vegetative growth.
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of N, P, K.
Fibrous material
Desirable point to graze
Age of the pasture plant
Figure 3. Relationship between the growth stage of pasture plants, 
chemical composition and desirable time of grazing.
It is evident that.plants closely grazed in the preceeding year 
can not be heavily used in the succeeding spring season. It appears that 
controlled pastures may be grazed more heavily the succeeding spring. In 
the utilization of pastures, the common farm practice is to use whatever 
pasture is available or can be most readily supplied for the kind of live­
stock to be kept. All kinds of animals do not have the same habits of 
grazing. Usually different animals prefer different kinds of grasses and 
legumes growing in the pastures. It is well to undertake to adapt the 
right kind of livestock to the pasture area. This will result in a more 
uniform grazing of the lands and a higher return in animal products. Too
many sheep on pastures having a large percentage of legumes, such as 
white clover may prove detrimental as sheep frequently graze entirely on 
the blossoms at the seeding stage of the crops. Sheep graze the plants 
much closer than the other domestic animals, and for this reason, it is 
well not to overstock the pasture with sheep. In most cases, greatest 
returns will be obtained from the forage available and the pasture will
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be kept most productive if two or more kinds of livestock in limited 
numbers are grazed, either at the same time or at different time during 
the season. On farms where considerable numbers of several kinds of 
livestock are kept and the pastures require intensive grazing, it is 
much better to have several pastures and separate the various kinds of 
livestock and often times the various ages of livestock. Rotating the 
different kinds from one pasture to another several times a year may 
reduce the danger from certain parasites and make possible a more complete 
utilization of the feed available. If the animal droppings are scattered 
several times during the season, more uniform grazing is made as cattle 
leave around each dropping a small ungrazed "island". This practice is 
most important on pastures of high carrying capacity such as those 
supporting one head of cattle to an acre. Scattering not only makes more 
grazing available, but also distributes the manure so that it adds to soil 
fertility. Scattering may be done by going over the pasture with a 
weighted drag harrow or other suitable equipment. A favorable time for 
scattering is in the fall after a rainy period when the droppings have 
softened enough to be easily spread. It is desirable to have hogs running 
with cattle fed whole grains as they consume the grains in the droppings 
and scatter the dropping at the same time.
2. Grazing new pastures. New pastures should not be grazed until 
the base grasses are growing well and established firmly. After the 
grasses are growing well, some grazing and tramping when the ground is 
moist, but not muddy, is helpful in setting the grass runners. Livestock, 
however, should be kept off the pasture when the ground is wet enough to 
permit serious injury to the new sod. Under all conditions grazing should
be light to moderate for the remainder of the first year and for as long 
thereafter as necessary. The carrying capacity of a new pasture is not 
high until the sod becomes thick and dense. This requires time. Clovers 
seeded in the fall after the base grasses such as Bermuda-grass or 
Dallisgrass have been established should be protected from grazing and 
tramping while the tiny seedlings are getting started, and should be 
grazed lightly enough the following spring during their blossoming and 
seeding stage to permit a good seed crop to mature. The spread of Dallis­
grass in a new pasture is also benefited by allowing its seed heads to 
mature and fall over.
3. Controlling overgrazing and undergrazing. Overgrazing is 
perhaps the most destructive single mistake in pasture management. It 
sets the pasture back at any time and its harmful effects are greatly 
increased when it is prolonged, continuous, or extreme. Pasture plants 
kept stripped of a reasonable amount of leaf surface can not maintain 
their root system. Annual plants can not reseed themselves. Overgrazing 
is particularly injurious during tiro periods; first, when the grasses are 
just beginning growth in the spring, and second, during periods of 
drought. Perennial grasses begin their spring growth from food reserves 
stored in their roots near the close of the previous season. During 
their first spring growth, they must form new leaves and new roots. If 
the first growth of the leaves is grazed too closely, much of the stored 
reserve that should be used in making roots will have to be used in 
making another set of leaves. As a result the root system of the plants 
will be shallow, inadequate, and will limit pasture growth throughout the 
season.
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In summer during the droughts, a dense Bermuda-grass sod serves 
to keep soil temperatures lower and prevent excessive loss of soil 
moisture. Grazing it too close during a drought thins the sod and exposes 
the soil to the scorching and baking of the summer sun. Plants weakened 
by overgrazing during a drought can not recover rapidly after the drought 
is broken. It does no good to suggest removing animal3 from pastures 
during these periods of drought unless some other means has been provided 
for their maintenance. It is an essential of good pasture management, 
therefore, to provide for these emergency periods by having on hand 
reserves of hay or silage, and by having either supplementary grazing 
crops or a little extra permanent pasture which may be used if needed. 
Forage for this pasture, if not grazed, can be harvested for hay or silage.
Undergrazing is also detrimental. Undergrazing of the grasses 
causes a decrease in the quality and yield. It may also result in the 
choking out of certain desirable species by other pasture species which 
grow more rapidly or vigorously. From the standpoint of the quality of 
the forage, undergrazing may be said to occur when the piants exceed about 
four to six inches in height. When grasses are grazed too lightly, they 
develop seed heads more rapidly. From the standpoint of preventing 
crowding out of desirable pasture plants, the clovers when interplanted 
with lespedeza and grass should be kept down to not more than four or five 
inches during the time that lespedeza seedlings are germinating and 
becoming established in the spring. The grasses should be grazed or mowed 
short in the late fall to prevent the smothering of the tiny clover 
seedlings. Exceptions to the general rule in avoiding overgrazing are 
when annual plants are being allowed to reseed themselves, and when areas
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are needed for pasture in the immediate future are being allowed to make 
additional growth before cutting for hay.
Grazing alone can not ordinarily be depended upon to keep pasture 
at all times in a desirable grazing stage and should be supplemented when 
necessary by mowing. Table XIX shows the effect of number of clippings 
on the yield of root and top growth.
TABLE XIX
EFFECT OF CLIPPING SEEDLING PLANTS ON AMOUNT OF TOP AND ROOT 
GROTTHS. GREENHOUSE RESULTS, 1928.
Species No. of clippings
IProduction j 
and grasses 
Roots
aer 106 plants 
Top growth
Kentucky blue grass 0 3.61 0.72
Kentucky blue grass 3 l.Wi 0.22*
Redtop 0 8.65 U.83
Redtop 3 2.17 0.33
Alfalfa 0 13-1+6 3.00
Alfalfa 3 6.57 0.68
Red clover 0 11.00 2.31
Red clover 3 3.38 0.27
White clover 0 10.09 1.77
White clover 3 2.37 0.28
Graber also made a study on effect of different defoliation 
treatments on the yield of grasses as shown in Table X X . ^
!
^■^Graber, og. cit., p. 90. 
•^Graber, jag. cit., p. 90
Ill*
TABLE XX
EFFECT OF DIFFERENT DEFOLIATION TREATMENTS ON PRODUCTION OF GRASSES
Grasses Fertilizer
treatments
Production per acre
1926 1927 1928
Cutt
ings
Dry
matter
Cutts Dry 
ings: matter
Cutt
ings
Dry
matte
Ky* bluegrass None 1 5b5o 1 : 1*656 1 1133
Ky* bluegrass None 1* 6969 7 : 2093 1 761*
Ky, bluegrass Abundant 1 1*867 1 : 61*21* 1 1*369
Ky* bluegrass Abundant 1* 7773 7 : 3571 1. 2801*
Timothy None 1 7119 1 : 1*11*8 1 181*5
Timothy None 1* 1*576 7 : 1172 1 1598
Timothy Abundant 1 6369 1 : 51*29 1 7078
Timothy Abundant 1* 1*288 7 : 1981 1 5315
lu Rotation grazing* The practice of rotation grazing consists 
in grazing two or more pastures in regular order with definite rest periods 
for the pastures* When only two or three pastures are involved this type 
of grazing is sometimes known as alternating grazing* In alternating 
grazing, the rest of intervals is followed by heavy grazing and mowing, 
if necessary, to complete the harvest* Each harvest is followed by 
another period of rest and this in turn by another harvest. For this 
purpose the pasture should be divided into two or more equal areas, each 
with an independent water supply and the livestock should be shifted to 
a fresh pasture of frequent intervals, ordinarily not being allowed to
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graze any one area more than seven to ten consecutive days. In the
United States, recently some farmers have found that changing pasture
138
every day dairy cattle produced more milk*
The farmers are finding that cows do not trample or foul as
much grass. Some farmers graze strips more than one day, but the trend
139is toward daily rotation. For example, they suggest that a 2U-cow 
dairyman devided 2k acres into eight strips of three acres each with 
electric fence* The strips should be grazed where possible allowing 
the herd about an acre at a time*
Another form of rotation is that of using several different 
kinds of pasture* This, however, requires careful planning in order to
have the animals on each pasture when they can get the most from it
without reducing its productive capacity later on. An example is the 
use of rye in April, bluegrass in May and June, Sudangrass in July and 
August,, lespedezas in September, and bluegrass again in October and 
November. The choice of pasture crops will vary with different regions.
Generally speaking, the practice of rotation or strip grazing 
Increases yields, makes it easier to maintain all the pasturage in good 
grazing condition, provides the pasture plants with needed rest periods 
for recovery and permanence, and permits setting aside an area when not 
needed for grazing for a better hay crop and seed harvest.
13%SDA Pasture Handbook, op* cit., p. 3*
•^Maiming, Nelson, Wisconsin, Country Gentleman. May, 1?5U«
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5. Seasonal pastures for nine months grazing in Seoul.
Following grazing chart was elaborated according to the given climatic 
conditions and growing habits of each pasture plants in Seoul.
Crops March :April May June July Aug* Sept, Oct* Nov*
Lespedezas 
Dallisgrass : 
Barley 
Oats 
Wheat 
Lading 
Alfalfa 
Red clover 
Ryegrass 
Timothy 
Sudangrass 
Kudzu 
Bermuda-grass 
Bur clover
Figure lj* Seasonal pastures for nine months in Seoul, lfcO
^Olbid*, p* 16.
CHAPTER V
SUMMARY AND CONCLUSION
A. SUMMARY
The primary purpose of this study was to develop a plan for 
the introduction of a new type of agricultural science in Korea known 
as grassland farming. The Korean farmers have devoted their energies 
in producing grain crops exclusively for human consumption.
A brief survey of the Korean agriculture was made to establish 
general characteristics of the present agriculture, from which the plan 
for the introduction of grassland farming was proposed. The knowledge 
of procedures, skills, and attitudes in initiating this program is to 
be conducted through a program of vocational agricultural education 
administered at high school level. The study contains data on establish­
ment, management, and utilization practices of pastures.
1. In general, Korean fanning is influenced primarily by local 
topography and may be classed into three main patterns. They are 
mountainous country farming, farming in the wider valleys, and farming 
in the basins.
Korea is rugged and mountainous with practically all suitable 
land for cropping under cultivation. South Korea has an arable area of 
approximately 1,250,000 chungbos paddyland and 1,050,000 chungbos up­
land of which approximately 1,100,000 chungbos can be double cropped 
with annual pasture plants. Approximately 200,000 chungbos of deforested 
and infertile hillsides and a comparatively small area of tidal flats 
mostly along the west and south-west may be reclaimed for pastures in
317
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an effort to increase livestock products and soil erosion control.
2. South Korea has a climate strongiy influenced by the Asiatic
continent. The mean temperature is only 10°C near the 38th parallel and
does not exceed ll*°C in the south. In summer, the mean maximum temperature
is about 37°C in almost all Korea except on the south coast where it drops
to 35>°C and even 2?°C in some small areas. In winter, the mean minimum
temperature is -15°C in the south and drops to -30°C near the 38th
parallel. The mean yearly precipitation in Seoul area is about 1100 
%
millimeters.
3. In planning pastures, specific local conditions such as 
kind and number of farm animals, climate, soil conditions, location, 
cost and kinds of available pasture plants will more or less determine 
the types of pasture to be established.
li. Promising pasture grasses now growing but not cultivated in 
Korea are Bermuda grass, bromegrass, buffalograss, wheatgrass, Korean 
bluegrass, rescuegrass, orchardgrass, timothy, Sudangrass, and perennial 
ryegrass.
Barley, wheat, rye, oats, millet, sorghum and corn have already 
been cultivated for grains. They are most promising grass families for 
annual pastures.
Promising leguminous plants now growing in Korea that would be 
used as forage for livestock are alsike clover, cowpeas, peanuts, 
common and Kobe lespedezas, Kudzu, Korean lespedeza, crimson clover, 
red clover, vetches, white clover, and soybeans.
5. A careful survey on Dallisgrass, cool season fescuegrass, 
bur clovers and alfalfa was made in an effort to introduce them from
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abroad. They are not found in Korea but are premising pasture plant 
species. Alfalfa is an excellent leguminous pasture plant grown world 
wide.
Particular attention was given this plant, in this study, because 
of its excellent yields as a forage and its potentiality as a pasture 
crop in Korea.
6. In general, success in starting grassland farming and in 
acquiring maximum production of forage is reached only on our best suited 
and most fertile soils. Hillsides that may be seen in most areas of 
Korea, and that have suffered from washing rain without suitable protection 
are not in a fertile state and can not be expected to supply abundance of 
grazing. However, from the standpoint of an increasing population and 
soil erosion control, ultimate pasture land program should be extended
to these large areas of hillside by introducing the most suitable pasture 
plant species.
7. Grass-legume mixture seedings for forage production has 
many advantages. They are (1) Legume in pasture mixture helps to 
maintain the nitrogen content of the soil and reduce the need for 
commercial nitrogen; (2) The percentage of protein content of grasses 
is higher in mixture than the grasses grown alone; (3) The grass grown 
with legumes is higher in phosphoric acid (PgOfJ) content than grass grown 
alone; (k) Mixture results in a more uniform stand and a higher total 
production in pounds per acre of air dry matter; (3) Mixture provides a 
longer grazing season and better balanced ration; and (6) Grass-legume 
mixtures have greater resistance to encroachment of weeds and soil erosion 
than pure legume stand.
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8. After a pasture has become firmly established, proper 
practices of management and utilization such as controlled grazing and 
occasional applications of fertilizer, to replace the plant food removed 
from the land in the form animal products, will keep the pasture in good 
condition and productive for a long period. The techniques in applying 
fertilizers to pasture plants, mowing or grazing and other practices
of pasture management are intended to develop the physiology and growth 
behavior of the plants so as to be most economical, desirable, and 
nutritious for livestock.
9. Pasture plants kept more vegetative, show a more efficient 
utilization of minerals and total nitrogen. More fertilization with 
nitrogen and mineral materials stimulate growth and aid the plant's 
metabolism. The greater portion of the plant's make-up must be elaborated 
by the plant itself through its photosynthetic mechanism and part related 
thereto.
10. Application of superphosphate or phosphate in Korea is 
usually the most profitable fertilizer practice, because it will cost 
less than other mineral fertilizers. This practice will encourage 
legume growth, thereby contributing nitrogen to the grasses.
11. The period between March and November is the most satis­
factory grazing period in South Korea. During the remaining three months, 
the livestock should be provided sufficient hay, silage, and concentrates. 
This three month period should be seriously considered in developing a 
sound livestock program.
12. The future Korea is linked very closely with the progress 
of this pasture production frontier. The supply of the increasing food
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demand of the nation will largely be met by the production of livestock 
and the increased production of livestock can only be made economically 
by the production of a practical pasture program.
13. This achievement will in turn be determined, to a large 
extent, by the program of agricultural research and education. For its 
nation-wide development, a plan for an educational program should be 
initialed at high school level and to include young farmers and adults.
This program of education should be modeled after the vocational 
agricultural education practiced abroad. The first phase in a program 
of vocational agricultural education is the systematic training of teachers.
B. CONCLUSIONS
The evidence found and presented in this study supports the 
following conditions:
1. There exists in South Korea sufficient agricultural potentials 
to yield enough food for the anticipated increased population. At the 
present time, the available resources are not being utilized efficiently 
and maximum production is not being obtained.
2. The introduction of grassland farming would be the greatest 
single contribution to the improvement of human diet by supplementing the
grain diet with meat and milk.
3. Pasture provides the major raw materials for the production 
of meat, milk, and other livestock products.
In 191*8 South Korea had approximately 681*,000 beef and dairy 
cattle. This number will be increased approximately twice after the 
various types of pasture are established on approximately 200,000
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chungbos of reclaimed land and 1,100,000 chungbos of double cropped land 
by providing sufficient concentrates for animals.
lj. Rainfall in Korea is concentrated during summer and in the 
beginning of fall. Floods are violent and crops are damaged during 
these flood periods. Damage of floods is increased by absent of plant 
growth. The following data were given by the Flood Control Section of 
Bureau of Public Works, Seoul, Korea: Average rainfall} 1200 to 1600 mm.,
maximum monthly precipitation is 1100 mm., maximum amount of rainfall in 
three days is 858 mm., and maximum amount of rainfall in one day is 1+93 mm. 
They further presented the data that approximately 16,800,000 cubic meters 
of fertile top soil are washed off each year from the cultivate land.
Pasture effectively controls soil erosion and builds up soil 
fertility. This may be accomplished, to a great extent, by introduction 
of grasses and legumes capable of withstanding dry conditions, excessive 
rainfall, adaptable to wide range of soil, and adverse climatice conditions.
5. After various types of pasture are successfully established, 
approximately 66,000 chungbos of cultivated land will be protected from 
the soil erosion damage. This in turn will Bave 9^,000 tons of rice 
every year according to the Flood Control Section of Bureau of Public 
Works, Seoul, Korea.
6. The economic future of Korea is largely dependant upon the 
further development of its human and natural resources related to agri­
culture. The first phase of agricultural development in South Korea
is the improvement and expansion of grassland farming to provide 
sufficient feed for livestock and soil erosion control. The establish­
ment and expansion of pasture land will in turn create not only better
diets and control soil erosion, but also will increase size and number of 
industries related to farming. This industrial expansion will offer 
more opportunities for graduates of the vocational agricultural schools 
and attract more and the best students to enroll in these schools.
CHAPTER VI 
RECOMMENDATIONS
The writer makes the following recommendations with respect 
to other studies needed concerning pasture for students of vocational 
agriculture in South Korea.
1. Curriculum in agricultural training schools including higher 
learning institutions and vocational agricultural high schools should be 
revised so as to include the instruction in forage crops and pasture 
management in an effort to introduce and develop the grassland farm­
ing on a nation-wide scale.
2. Every possible methods should be provided to stimulate the 
farm youth and adults in developing skills and acquiring necessary 
knowledge in pasture establishment and management by organizing and 
through.the activities of Future Farmers of Korea, 1*-H Clubs, and 
Agricultural Extension Work.
3. Government of South Korea should encourage the farmers to 
make full use of arable land and hillsides by adopting the most suitable 
pasture plant species. If necessary, by Government direction, the 
allocation of forage crop acreages and assignment of production quotas 
would be justifiable. Under present South Korean circumstances, 
available funds and fertilizers could be provided for grassland farmers.
it. For the sound grassland farming, a sound livestock program 
should be studied.
5. Government supported forage crops and livestock research 
centers should be established and agricultural extension work should be 
provided the farmers.
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